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DEMONSTRATION OF THE MAGNETIC FIELD OF A DYNA- 
MO AND THE EFFECT OF ARMATURE CUR- 
RENT ON THIS FIELD. 


sy I. A. CLARK, 
Pratt Institute, Brooklyn. 


The apparatus described below has proven serviceable in the 
laboratories at Pratt Institute to demonstrate the magnetic field 
in dynamos and study the modifications of this field that are pro- 
duced by armature current. 

The student may know the fact that the brushes of a dynamo 
must be given a “lead” to prevent excessive sparking; he can 
hardly appreciate the underlying reason and the dependence upon 
the modification of the field by the superimposed field due to the 
armature current unless he has seen the actual effect produced. 

In the plan here described the student may study the bi-polar 
or the multi-polar model shown in figures | and II, or both as 


desired. 





Fie. I. Fie. II. 
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The bi-polar field is built up of fourteen laminations such 
are used in the CO 4 H. P. motor manufactured by the G. f 
Co., or may be cut from No. 30 sheet steel, these are riveted to 
gether, having pieces of ' inch thick soft sheet-steel on each flat 


surface of the pole-pieces, AA, and the yoke, D, but none on the 


poles, BB. The model four-pole dynamo field is constructed 


fourteen eleven inch square pieces of No. 30 soft sheet ste¢ 
faced on each flat surface with a piece of 1, inch soft sheet ste« 
and rivited together, then milled to shape as in figure [] 

Overwound on the poles, BB, are the field coils of one v 
of No. 18 D. C. covered copper wire. Both ends of each coil are 
brought out to separate binding posts, X’X’, etc 

A soft steel ring, EF, placed between the pole-pieces as shown 
in figures I and II, replaces the armature. This is overwoun 


1 
1) 


with one layer of No. 18 D. C. covered copper wire as shown in 
figure III. Wound in this way each turn is equivalent to a coil on 
a ring wound armature and all the turns on side EGF are in series 
and those on side EHF are also in series while EGF and EHF 
are in parallel with one another. Applying the thumb rule we 
see that each half of the armature tends to set up a polarity at 
E and the opposite polarity at F. Thus all the effects that are 


common in direct current dynamo operation are produced 


E 





PF 
Fic. ILI. 


Maps of the magnetic fields are made by placing a sheet of 
thin cardboard or glass over the apparatus and lightly sprinkling 
iron filings evenly over it in the usual manner. 

By using a lamp-bank, or other suitable resistance, in series 
with the coils these coils may be used on 110 volt circuits and 
will carry without undue heating about six amperes. 

The first direction for the student is to determine the correct 
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connection to give the proper polarity of the field poles. This is 
especially helpful in teaching the thumb-rule of flux and current 
relation. In connecting the four-pole field, many errors are 
possible and almost invariably the student's first connection is 
wrong. With a small compass, or by mapping the field, he at 
once may determine the trouble. Studying to determine the cause 
of error does much to fix the thumb-rule and the idea that like 


; 


poles repel and unlike poles attract as well as to bring out the 


arrangement of poles and flux paths in a dynamo circuit 

The clearest method of attacking the problem is to divide 1 
into three steps: (a) The magnetic field which results from 
exciting field alone; (b) Magnetic field of armature ring alone 


when carrying current, and (c) Resultant field when field of (b) 





Fic. IV. 
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is superimposed on field (a). This brings out forcibly the dis- 
tortion of magnetic flux paths by armature current which is the 
final conception the student needs to get. 

To obtain the characteristic field of (a) the student, having 
made proper connections, and with current flowing in the ex- 
citing coils and with no armature in the magnetic circuit, should 
notice that much of the flux takes a straight path from pole 
piece to pole piece but that there is much leakage. Sample field 
Fig. IV. 

Next by placing the armature (carrying no current) in the 
magnetic circuit we obtain results as in figure V. The polarity 
of the poles is as shown. Most of the flux, emerging from the 


North pole-piece, crosses the air-gap along the shortest path, or 
radially to the armature-ring and threads through the interior of 
the iron finally crossing the second air-gap to the South pole- 





Fic. V. 
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piece and from there through the poles and yoke back to the 
North pole-piece thus completing the magnetic circuit. The por- 
tion of the ring towards the North pole-piece is of induced South 
polarity, and similarly that before the South pole-piece is of 
induced North polarity. When entirely within the iron, the flux 
does not affect the filings so we have no indication of its presence. 


Wherever there are air spaces, however, the iron-filings arrange 
themselves to map out the flux paths. This figure clearly shows 
the general distribution of the magnetic flux about a dynamo due 
to the field magnets alone, no current being sent through the 
armature coils. The field between the pole-pieces is everywhere 
uniform. The leakage, or flux not passing through the armature, 
is also shown and by comparing the map of this field with the 
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map of the field obtained with no armature ring in the magnetic 
circuit we see that the leakage is very appreciably decreased by 
the introduction of the armature. 

Since iron-filings show flux over air spaces only, the air-gaps 
were made unduly large for the sake of clearness. \Vhile they 
are relatively much larger than for commercial machines, leak 
age in an actual machine would have the same general arrange- 
ment although it would be proportionally much less in amount. 
This can be shown by replacing the ring with an armature of a 
size corresponding to commercial clearance. 

Another point of interest is that the iron-filings within the 
center of the ring are but very slightly affected by the flux 


showing that the greater amount of the flux takes the path of 





Fic. VII. 
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greater permeability. This very clearly shows the magnetic effect 
that is applied in the iron magnetic watch protectors, in the iron 
casings of electrical instruments and elsewhere to protect against 
stray magnetic fields 

In order to show the magnetic field that would be set up by 
the armature alone the field coils in figure \V were disconnected 
and current sent through the armature only. Current entering 
at E, figure III, divides, half of it passing around one side, G, of 
the ring and half around the other side, H, tending to produce 
double poles in the ring at E and F. A portion of the flux com- 
pletes its path through the pole pieces as shown by the dotted 
lines, while the tendency to cross magnetize is shown by the 


strong flux sent across the ring at right angles to the direction 





Fic. VILL. 
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of the flux that would be produced by the field magnets alone as 
shown in figure lV. 

In actual dynamo operation both the exciting coils and the 
armature coils are working, tending to set up fields as shown in 
figures V and VI.. The superposition of the two gives rise to 
the resultant field shown in figure VII, which may be taken as 
typical of the real field of a working dynamo. The cross mag- 
netizing tendency of the armature is shown in the flux path, out- 
lined, across the ring. This now passes obliquely across, the 
poles of the armature ring being in effect shifted in the direction 
of rotation. The field between the pole-pieces is weakened on 
one side of the leading in and out brushes and concentrated on 
the opposite side so that the armature if rotating would not be 
moving through a uniform field. 

Further we can show that reversing either the armature or 
field current causes the distortion to be reversed but that revers- 
ing of both causes no change in the distortion. 

Points E and F on the armature correspond to the points at 
which brushes would be making contact in an actual dynamo 
and by turning the armature ring in the direction of rotation we 
are able to show the effect of shifting the brushes. Comparing 
figures VII and VIII we at once notice that the flux lines have 
been less distorted and that there is less weakening and concen- 
trating of flux at the pole tips. Shifting the brushes against rota- 
tion (turning the armature ring the opposite direction) shows 
the opposite effect. 
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These effects can be made clearer by applying the parallelo- 
gram law to the magnetic forces. If in figure IX we let CD 
represent the field flux and CE the armature flux and complete 
the parallelogram we obtain the direction of the resultant field. 
Changing the value of either CD or CE (by changing the current 
value in the field or the armature) or the direction of CE (by 
shifting the position of the brushes by rotating the armature ring) 
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the reason for the change of direction of the resultant field is 
evidenced by the direction of the diagonal of the parallelogram 
cy Cre". 

This simple apparatus might be used to demonstrate still more 
of the magnetic relations of generators and motors but a study 
of both the two- and the four-pole models as suggested here is 
all that most secondary schools will be able to consider because 
of a lack of time. 

For quick reference to any other field produced by other con- 
ditions it is found convenient to make blue-print mappings of the 
fields. This is easily accomplished by placing a sheet of blue- 
print paper over the sheet of cardboard or glass in a semi-dark 
room and lightly sprinkling iron-filings over the paper and gently 
tapping the cardboard. When the field is satisfactorily outlined 
raise the shade and aliow to print and finish as usual for blue- 
prints. 

Note.—For detailed drawings of these model fields apply to the Chair- 


man of the Joint Committee on Physics, Pratt Institute, Brooklyn, N. Y. 


ANIMALS AS CONVERTERS OF PLANT NOURISHMENT 
INTO HUMAN FOOD. 


The cost of production of our nourishment is one that is growing in 
importance and seriousness from decade to decade. In the extensive use 
of animal foods, so common in most civilized nations today, it is rarely 
borne in mind that the production of this type of food involves a conver 
sion of plant food into animal food—a transformation necessitating a 
sacrifice of considerable energy. The animal which devours the plant prod- 
ucts requires no small proportion of the stored energy for its normal life 
processes. What is left available for the production of meat and fat or 
the secretion of milk, which may become available to man as food, must 
represent a small portion of the actual nutrients originally stored in the 
plant. To what extent is it possible for mankind to attempt to avoid this 
waste of energy by making direct use of the plant products which are 
ordinarily converted to our advantage by the herbivorous animal. In at- 
tempting to answer this question we must bear in mind the diverse char- 
acter of some of the plant products which are ordinarily consumed by 
man and the plant-eating animals, respectively. The latter utilize such 
natural products as straw, grass, leaves, etc., which ordinarily form no part 
of the human dietary. These products are relatively rich in cellulose and 
related substances, which are not of use to the human individual. 

The value of animal production lies in the fact that it transforms into 
more readily utilizable food products nutrient materials for which the 
human body is not well adapted. In order to furnish nutriment to the 
maximum population from the natural resources of the land, the more 
digestible vegetable products should be applied directly for the nutrition 
of man, whereas the more resistant ones should be converted to his use by 
feeding them to animals. The respective rdle of the two types of organ- 
isms ought to be borne in mind, says The Journal of the American Medical 
Association, whenever conditions arise which call for a maximum utiliza 
tion of the products of the soil for the maintenance of a large population 
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SOME ROCK ANALYSES. 
By NICHOLAS KNIGHT, 
Cornell College. 
1. The Red Sandstone of Heidelberg. 

Many of the buildings of the University of Heidelberg, as well 
as other public and private buildings of the city, are composed 
of a hard, compact, fine-grained and durable variety of red sand- 
stone. It makes a handsome building material, as well as durable, 
as illustrated by the beautiful new University library, one of the 
finest structures in Southern Germany. The rock exists in great 
quantity in the hills about the city, and is easily accessible, so it 
seems to be the chief building material of the region. A speci- 
men of the rock was recently analyzed by Harold A. Knight, 
the results of which are as follows: 


ian aa tae Skah 81.36 per cent 
| Sera er 1.82 per cent 
EN iad abt aap kee 1.57 per cent 
NE oh ans wens a Aid 1.82 per cent 
Ea errr 12.17 per cent 
0 eer Tee re 0.99 per cent 
A Wawel ets eens de 0.00 per cent 


99.73 per cent 
The rock is a sandstone, as its appearance indicates, with ad- 
mixtures of calcium, magnesium, iron and aluminum silicates. 
Doubtless these silicates are the portion that cement the par- 
ticles of sand together. 


2. The Rock from Melrose Abbey. 

Melrose Abbey, one of the places immortalized by Sir Walter 
Scott, and the most beautiful and imposing ruins in Scotland, is 
composed of the old Red Sandstone. The Abbey is now owned 
by Lord Buccleugh, and is annually visited by thousands. The 
rock is a hard and durable sandstone, or it could not have with- 
stood the rigors of the Scottish climate for so many centuries. 
The analysis was made by Paul Busenbark: 


IE is Seth ies .....-41.99 per cent 
9 ae ..17.60 per cent 
RE Seba ons .... %.40 per cent 


+] 
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GP noks cawi Seeeatds 1.20 per cent 
SEN pd sxeeenbustens .90 per cent 
DP Ss isis ana ne 0.62 per cent 
 Reere Teer eer 0.00 per cent 


99.51 per cent 

The rock is a sandstone, composed of the same mineral con- 
stitutents as the Heidelberg formation, with a much larger per- 
centage of iron. 

3. A Specimen from the Lauterbrunnen Valley. 

This valley is not far distant from Interlaken, in the midst of 
the lofty peaks of the Alps. It is about a half mile wide and 
traversed by a small, limpid, swiftly moving stream. The speci- 
men of rock was picked up near the Staubbach (dust brook) 
waterfall, which plunges nine hundred and eighty feet at a 
single fall. Lord Byron compared the fall to the tail of a 
white horse streaming in the wind. The rock is hard and durable, 
used as a road material and for buildings. The analysis was 
made by Harold A. Knight: 


8 0 ES ae ee 87.52 per cent 
a wean tre aqtinen 5.81 per cent 
i tt tedeihehea «4a 1.61 per cent 
PU thee tevednaue’ 0.16 per cent 
0 rr ae ee 1.95 per cent 


100.05 per cent 

The rock is quite a pure limestone. 

4. A Specimen from the Dolomites. 

One of the most picturesque routes in Europe is the one 
through the Austrian Tyrol from Venice, the quaint mistress of 
the Adriatic, to Innsbruck, the quaint and interesting city of 
Austria. In this region is included Pieve of Cadore, immortal- 
ized as the birthplace of the greatest Italian painter, Titian. Dolo- 
miea, the French scientist, was the first to call attention tO this 
curious rock formation in the Austrian Tyrol, which proved to 
be magnesian limestone, and so the term dolomite originated 
The mountains attain an elevation of ten thousand to eleven 
thousand. feet, but not all the rock is dolomitic. The specimen 
analyzed was obtained at Brenner, the summit of the pass, 4,495 
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feet above the level of the sea, and forming the watershed between 
the Adriatic and Black Seas. The specimen is not dolomite, but 
quite a pure variety of limestone. The analysis was made by 


Paul Busenbark: 


8 SE ree 96.25 per cent 
Or 2.98 per cent 
| EE tee 0.35 per cent 


99 58 per cent 


It is such pure limestone that it would meet the requirements 
for calcium carbide and for Portland cement. 


5. Rock from the Roman Catacombs. 

The Catacombs have appealed strongly to the imagination of 
the Christian world down through the centuries. They comprise 
615 acres, nearly a square mile, far below the Eternal City, and 
some authorities estimate that they were the burial place of two 
millions of the early Christians. The Catacombs are constructed 
in the granular tufa (tufa granulare). Its firmness was an 
advantage for the vertical walls of the galleries, and it was 
also safe from cave-ins. It is of a reddish-brown color and of 
medium hardness. It is of volcanic origin, like the seven hills 
of Rome, and much of the outlying country, known as the Cam 
pagna. The specimen was obtained in the summer of 1912 from 
St. Sebastian’s Catacomb. It was analyzed by Glenn H. Miller, as 


follows: 


> .......47.68 per cent 
Al,O, . resccves Oe POT cont 
EN wiikdv ak aeeea a 11.48 per cent 
BE” “wavmes 3.87 per cent 
Ser 3.27 per cent 
EE a) awh oo barete seat 0.21 per cent 
ere) fe 
Ni al ics aber 0.63 per cent 
eet ee 0.35 per cent 


100.85 per cent 


All the iron was determined as Fe,O,, whereas a portion may 
be FeO. This may account for the excess in the result. 

This may be compared to a specimen of Tufa from Hawaii 
the analysis of which is reported by Dr. H. S. Washington: 
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en Savas oes} ... 47.44 per cent 
PIO ccccccccscccs sen Pet CO 
_, | | SPN eye ae 15.33 per cent 
| Sr rer 3.19 per cent 
RY bsads vanse exe 5.50 per cent 
GE: diet caaweceeaws 6.02 per cent 
Be ae 1.60 per cent 
DE. scncoudaswabeoud 0.30 per cent 
Pith. dbaweevaveasb ed 0.61 per cent 
Ss bina tinea 0.37 per cent 


100.17 per cent 


CHEMISTRY IN GERMAN. 


By Jessie Coptin, 
Minneapolis, Minn, 


No, not chemistry in Germany; but a class in one of our High Schools 
which uses a German chemistry as a text.and recites in the German 
language. 

I have always been enthusiastic about Ostwa'd’s “Schule der Chemie.” 
I think the vocabulary is simple, the sentences comparatively short, and the 
conversational style is charming. And of course the subject-matter is 
authoritative. 

I had gotten many ideas from the book and when finally the one volume 
edition came out, I began to think of a class which would use the book. 
Through the school board we now own seven copies of “Die Schule der 
Chemie.” They arrived about seven weeks before the close of school and 
I soon had four satisfactory volunteers from my second term classes, each 
with three years of preparation in German. Each one kept up with the 
regular recitations also. 

The class developed into one for sight reading with questions and dis- 
cussions, in German, as required, and with experiments as described in the 
text. There was also at the beginning of each period a review of new and 
important words, and also of the preceding day’s lesson. There was very 
little translation. We averaged three pages a day after the first week 
We began with the chapter on sodium as they had already studied that 
subject, then came copper, silver, photography, iron, 

The four young people were very enthusiastic over the book itself and 
their increased vocabulary. The German teachers were glad to have their 
work correlated. They were glad to have the sight reading method. 

Another year, I want to try again. I do not think that I want to start 
until the c'ass has finished one term of work (we have mid-year classes, 
also). I would begin with sight reading, let each one make a dictionary 
out of cards, and later, perhaps, shift to a prepared lesson. 
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“PLANETARY” WINDS AND DISTRIBUTION OF RAINFALL; 
A DEDUCTIVE STUDY. 


By R. R. TURNER, 
University of Illinois. 


1. Assuming gravitational flow under differences in pressure, 
and rotational deflection, predict the planetary winds from a 
generalized isobaric chart of the world for the year. It is best 
first to consider the southern hemisphere as the simpler. Call 
attention to distortion of polar regions by Mercator’s projection ; 
the southern “Low” is marked by a series of concentric isobars, 
and the prevailing westerly winds of high latitudes form a “cir- 
cumpolar whirl.” 

Use isobaric and wind charts of the polar regions on a polar 
projection (July for southern hemisphere, January for nothern). 

2. Study the actual “planetary winds,” comparing with the 
theoretical ones. 

3. Causes of the planetary distribution of pressure: 

(a) The equatorial “Low” caused by heating. 

(b) The polar “Lows” caused by the centrifugal tendency of 
the whirl which must result from a meeting of winds directed 
toward the pole and deflected by rotation. 

4. Seasonal and other variations in pressure distribution, using 
isobaric charts of the world for January and July. Note that 
“Lows” are usually on land in summer, on ocean in winter. 


Why? Monsoons, which are merely local exaggerations of this i 
effect. Note more pronounced pressure gradients in winter, 
causing planetary winds to be more regular then. , 
5. Surface ocean currents as results of planetary winds. 
6. A more detailed study of winds and especially of rainfall! 
distribution; such as outlined in Davis’ “Practical Exercises in 
Physical Geography,” using world charts of prevailing winds. 
This study may well be subdivided as follows: 
1. Wind belts; location and characteristics. 
2. Migration of wind belts; causes and effects. 
3. Periodic winds; monsoons, etc. 1 
4. General distribution of rainfall; dependence upon winds, 
location of oceans, mountains, etc. 
. 


5. Seasonal changes in rainfall; correlate with either: a) 


migration of wind belts, or (b) monsoons. 
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THE HEAT OF FUSION OF TIN. 
By C. W. WAGGONER, 
West Virginia University. 


After observing the results of examinations in heat for a num- 
ber of years the writer has found that, despite every effort other- 
wise, students get an idea that water, or ice, is the only sub- 
stance that possesses a heat of fusion; and the common answer 
to the question, “What is a heat of fusion,” is, “The amount of 
heat required to melt a gram of ice.” It seemed desirable then, 
to find an experiment which would make clear the fact that 
every pure, crystalline substance has a heat of fusion. The 
writer claims no particular originality in the method for the de- 
termination of the heat of fusion of tin described below, for it 
will be found, in various forms, in some of the standard labora- 
tory manuals in physics, but the apparatus is so simple and the 
results are so gratifying that he feels justified in calling it to 


the attention of physics teachers at this time. 


| 
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The method is essentially a cooling-curve method and consists 
in heating a quantity of tin to a temperature somewhat above 
the melting point and then making a time-temperature cooling 
curve, making readings of the temperature for some little time 
after the molten tin has solidified, 

The necessary apparatus is shown in figure 1, which consists 
of a No, 000, Dixon Graphite Crucible, C; a 360° C. thermom- 
eter, T, which may be purchased from the supply houses for 
$0.55 each, and these are sufficiently accurate for student work ; 
an iron shield, P, to protect the thermometer when the tin solidi- 
fies. This last may be made by boring out the center of a soft 
iron rod so as to make a thin iron shell closed at one end. The 
writer’s students use a Méeker Gas burner for melting the tin 
because this burner gives a very high temperature, but a good 
Bunsen burner should serve equally well for the melting tempera- 


ture of tin is only 232° C. 
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Fic. 2. SHOWING THE COOLING-CURVE FOR TIN. 
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from a student’s laboratory report. The method of computing 
the heat of fusion consists of finding the average rate at which 


Figure 2 shows a time-temperature curve taken at random 
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the crucible and its contents lose heat, both before and after 
solidification ; then the assumption is made that during the time 
of solidification, or B C, in Figure 2, the process of solidifica- 
tion produces sufficient heat to prevent the lowering of the tem- 
perature by radiation, conduction and convection. Knowing 
the time of solidification, the average heat loss per minute before 
and after solidification, and the mass of the tin, the heat of 
fusion may be calculated. 
The following data was taken from a student’s report. 





Wt. of Tin—94 g. Sp. Ht. of Molten Tin—0.064. 

Sp. Ht. of Solid Tin—0,060. 
Wt. of Crucible=115 g. Sp. Ht. of Crucible=0.200. 
Wt. of Iron Shield=16.5 g. Sp. Ht. of lIron=0.116. 


Water Equivalent of the Crucible and Shield=24.91. 

Average loss of heat before and after solidification269.44 
Calories per minute. 

Time of solidification (from curve)—4.5 minutes. 

Heat of Fusion of Tin—12.9 calories. 

The presence of the iron protecting shield causes some tem- 
perature lag as shown by the rounded corners at the solidifica- 
tion temperature, but this may be prevented to a certain degree 
by introducing some mercury in the thermometer shield thereby 
insuring a little higher rate of heat flow to the thermometer. 

The most obvious points of interest to the student are: 

1. The measurement of temperatures above the boiling point 
of water. 

2. The sharp, definite melting point of a pure, crystalline sub- 
stance. 

3. The heat of fusion of a metal. 

1. The calculation of the heat lost as a body cools freely in 
the air. 

5. The determination of a “heat quantity” without resorting 
to the “time-honored” method of mixtures. 

The writer is well aware of the fact that the method described 
has errors which would prohibit its adoption in careful research 
work, yet it has proved to be an experiment of considerable in- 
terest and profit to his students—which is alone the justification 
for this discription. 
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COLLOIDS.’ 


By Harry N. Hotmes, Pu. D., 
Earlham College, Richmond, Ind. 


Colloidal chemistry is just half a century old and the great 
mass of knowledge in this field has been gained in the last 
decade. The world is only beginning to realize the enormous 
importance of colloids to chemistry, physics, biology, mineralogy, 
medicine, agriculture and chemical industries. 

In 1862 Graham observed that many substances in aqueous 
solution diffused very slowly, if at all, through parchment paper 
or animal membranes such as bladder and these he named “‘col- 
loids.” The term “crystalloids” was given to substances which 
diffused readily through parchment paper because they could 
generally be obtained in crystalline form. Graham’s list of col- 
loids included glue, gelatin, albumen and dextrin, all of them 
amorphous bodies. Faraday and others had prepared such solu- 
tions at an earlier date but they had given the subject little 
systematic study. Graham developed methods for obtaining 
supposedly insoluable substances like ferric hydroxide and silicic 
acid in what appeared to be real solutions. To the naked eye 
they seemed clear and homogenous yet they would not diffuse 
through parchment so he classed them as colloids rather than 
true solutions. He found that these “sols,” as he finally termed 
them, differed from salt solutions in that they were easily pre- 
cipitated by small quantities of electrolytes. The modern view 
is that the colloidal condition is a state of matter and that all 
substances, even crystalloids, can be converted into colloids. 


GENERAL METHODS. 


Several methods for obtaining this condition are now known 
and some knowledge of them is essential to a conception of 
colloids. 

Merely dissolving certain substances in water is probably the 
simplest method. Gum arabic and glue come under this head. 
There is no sudden change in their solutions with change of 
temperature. Gelatin dissolves in hot water but sets to a jelly 
on cooling, the exact point depending on the concentration. On 
reheating this jelly again becomes fluid. Egg albumen is soluble 
at ordinary temperatures but coagulates on boiling. Agar-agar 


1Address delivered before the Indiana Science Teachers’ Association. 


COLLOIDS 673 


and starch are also converted into very fluid “sols” on heating 
‘with water and gelatinize into “gels” on cooling. 

By Bredig’s method metallic colloids may be prepared. Two 
gold wires, for example, are made the terminals of a 110-volt 
circuit carrying from five to ten amperes. These wires are 
brought together and separated many times under pure water 
forming small electric arcs. Clouds of fine metallic particles are 
thrown into the water from the cathode. The larger particles 
are removed by filtration but the filtrate is a clear red or blue 
and can be shown to contain metallic gold. The addition of a 
trace of caustic soda facilitates the pulverization. Colloidal plat- 
inum is prepared in similar manner but does not need the alkali. 
The most concentrated colloidal platinum solutions contain about 
one-tenth of a gram to the liter. Several metals may be treated 
in this way but some are colorless and none as beautiful as the 
gold solutions. With certain precautions colloidal sodium was 
obtained recently using cold ether instead of water. Svedberg’s 
improvement on this method is worth study. 

Compounds ordinarily considered insoluble may be obtained 
in colloidal form by reactions yielding no ions as a by-product. 
As,S, is insoluble yet it is not precipitated when hydrogen 


sulphide is passed into a solution of As,Q,. 


As,O, + 3H,S =As,S, + 3H,O 


i - 3 | 


If to this yellow solution a few drops of any acid or salt solution 
be added the As,S, soon settles to the bottom of the tube. The 
common feature of acids and salts is that they all yield ions in 
aqueous solution so the coagulating effect must be due to the 
electric charges on these ions. Had the hydrogen sulphide been 
passed into a solution of AsCl, af immediate precipitate would 


have been obtained. 
2AsCl, + 3H,S =As,S, + 3HCI 


The HCl formed in the above equation ionizes and coagulates 
the As,S,. This method is not general but it has several applica- 
tions. 

A modification of the above method is possible with such in- 
soluble compounds as are coagulated rather slowly by ions. 
Fe(OH),, for example, is not so sensitive to electrolytes as is 
As,S,. At high dilutions it may be secured in colloidal condi- 
tion using reactions that yield ionizable compounds—if the ions 
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are rapidly removed by dialysis. A dialyzer is conveniently 
made by cutting the bottom out of a bottle, tying parchment 
paper or goldbeater’s skin over the mouth and suspending the 
bottle, inverted, in a jar of pure water. If the bottle is filled 
with a solution containing both colloids and crystalloids the lat- 
ter will diffuse through the membrane into the pure water of the 
outer jar finally leaving a pure and fairly stable colloid in the 
bottle. The water in the outer jar must be changed frequently. 
There are several ways to make colloidal Fe(OH), but one will 
serve for illustration. To a very dilute solution of FeCl, add 
less NH,OH than the amount required to form a precipitate. 


FeCl, + 3NH,OH = Fe(OH), + 3NH,Cl 


$y dialyzing this red-brown solution the crystalloid NH,Cl1 is 
removed before it has time to coagulate the colloidal Fe(OH) 

Reduction methods are used in preparing hydrosols of some of 
the noble metals, notably gold. Four cubic centimeters of a one 
per cent solution of gold chloride are diluted with 100 cc. of 
water and a solution of two grams of tannic acid in 100 cc. of 
water prepared. On mixing equal parts of the two solutions a 
ruby red sol of gold results but if one part gold solution is added 
to three parts tannin a blue gold sol is obtained. The reduction 
takes place in one minute. A large number of reducing agents 
have been used in making colloidal gold from the chloride. Fer 
rous sulphate, oxalic acid, photographic developers such as 
hydroquinone, carbon monoxide, formaldehyde, hydrazine hydrate, 
hydroxylamine hydrochloride, dilute hypophosphorous acid, 
phenylhydrazine hydrochloride and many other reducing agents 
are effective, some of them more so in the presence of a trace of 
dilute alkali. 

One of the most interesting and important methods of prepar- 
ing colloids is the use of protective colloids to prevent the coagula 
tion of the colloid desired. An illustration will serve to make 
this clear. Solutions of tenth normal silver nitrate and potassium 
bromide containing about one per cent of gelatin do not yield a 
precipitate of silver bromide when mixed yet in the absence of 
the protective effect of the gelatin a curdy precipitate quickly 
settles. It is probable that the minute particles of silver bromide 
first formed are at once covered with a film of the gelatin which 
prevents the union of such small particles into aggregates large 


enough to settle. 
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THe NATURE OF COLLOIDs. 


Graham thought there was a sharp distinction between col- 
loids and crystalloids but it is now known that the two extreme 
conditions gradually merge into each other. Colloids are merely 
aggregates of molecules, in some cases of thousands of molecules, 
distributed through a liquid with apparent uniformity. The very 
small osmotic pressure of colloids is-in accord with the compara- 
tively small number of separate particles. In a true solution con- 
taining the same number of solute molecules the number of 
separate particles dissolved is infinitely greater with correspond- 
ingly large osmotic pressure. Since depression of the freezing 


> 


point and rise of boiling point of a solvent are functions of num- 
ber of dissolved particles colloids must have little effect on these 
phenomena. 

Dialysis is easily understood by the conception that the minute 
pores or capillaries in the membrane are large enough to permit 
the free passage of single molecules in solution but too small to 
allow the large molecular aggregates known as colloids to get 
through. The same conception explains why a gel allows cry- 
stalloids to diffuse freely but permits little diffusion of other 
colloids. In fact, dialyzing membranes are themselves colloidal 
gels. 

\ colloidal solution is now conceded to be a heterogenous mix- 
ture of two physico-chemical phases. The great mass of one 
phase is practically continuous and this is the solvent, generally 
water. It is called the “continuous phase” or “dispersion med- 
ium.” The second phase is in a state of very fine distribution 
exposing an enormous surface to the other. It is termed the 
“disperse phase.” 

Much of the evidence in favor of the heterogenous theory is 
due to the ultramicroscope invented by Zsigmondy in 1905. This 
ingenous instrument utilizes the Tyndall effect of light in a re- 
markable manner. It is well known that a beam of light passing 
through dust-free air is invisible when examined transversel) 
but the presence of floating dust particles gives the beam of light 
sharply defined boundaries. Of course this is a mere matter of 
reflection of light from the dust motes. In similar manner a 
beam of light may be passed through certain liquids or solutions 
without detection when examined transversely but if colloids are 
introduced the path of light is at once made visible, Obviously 
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the hydrosol must contain floating particles of sufficient size to 
reflect rays of light. 

In the ultramicroscope the colloidal solution is illumined trans- 
versely by a narrow but powerful beam of light and the reflected 
or refracted rays pass at right angles through a powerful micro- 
scope to the eye of the observer. The eye is not blinded by the 
original beam of light but receives only a minute fraction. Each 
particle is seen as a source of light like the fixed stars and it is 
estimated that the smallest gold particles visible by this device 
are 5 pu, or millimicrons, in diameter. A micron is .001 millimeters 
and hence a millimicron is one millionth of a millimeter. Such a 
particle of gold probably contains at least a thousand molecules. 
The microscope proper cannot show separate particles of a smaller 
diameter than 250 yp» or millimicrons. This is the shortest wave 
length of visible light. 

The method of calculation of the size of colloidal particles is 
interesting. The volume of the illuminated liquid is determined 
by an eye piece micrometer and the number of particles in this 
volume counted. If the concentration of gold, for example, in 
the sol is known the weight of gold in the illuminated volume is 
also known and from this and the number of particles the weight 
of each particle may be determined. Assuming the particles to 
be spherical or cubical with the same density as solid gold the 
diameter can easily be calculated. 

In many organic sols only a diffused light can be seen, no stars, 
and this may be due to extreme smallness of particles or to their 
having a refractive index near that of the liquid. 

It must be borne in mind that there is a wide range in size of 
colloidal particles from aggregates of a few molecules too smal] 
to be visible even with the ultramicroscope to those just visible 
with the naked eye, in fact, to any slow settling suspension. If 
a mixture of clay, sand and pebbles be shaken with water and 
allowed to stand the pebbles settle at once, the coarse sand very 
soon, the fine sand in a few minutes but some of the clay may 
take days to settle. The clay suspension is colloidal. 

The Brownian movement is one of the most remarkable 
phenomena observed with the ultramicroscope. The particles of 
the disperse phase are possessed of a vibratory movement, hop 
ping and dancing about. They move around a central position 
with some translatory movement in addition. Particles more than 
3p» or 5 pw in diameter do not show this motion and it becomes 
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more rapid with decreasing size. A suspension of gamboge 
shows the phenomenon under a magnification of only 500 diam- 
eters and a simple dark ground illumination with a central stop 
in the ordinary condenser. Einstein and others insist the Brown- 
ian movement is due to the impact of molecules of the liquid on 
the disperse particles and is influenced by temperature, viscosity, 
diameter of the particles but not by the mass of the particles. 
Perrin showed that particles in Brownian movement tend to fill 
the space in which they are contained just as do molecules of a 
gas or dissolved substance. They obey the gas laws. 

The close relation of colloids to true solutions is shown by 
Lobry de Bruyn’s experiment in centrifuging a saturated solu- 
tion of Glauber’s salt. Three-eighths of the salt crystallized out. 

The electric charge carried by a large number of colloids gives 
them rather interesting properties. There is a potential difference 
between the liquid and the suspended particle and when the 
terminals of a 110-volt circuit are placed in the suspension the 
particles migrate to one pole or another depending on the nature 
of the charge carried. Most charged colloids are negative like 
the sulphides, metals, acids and clay. The metallic hydroxides 
are positive and basic substances in general carry positive charges. 
Yet such important colloids as glue, gelatine, agar-agar, starch 
and albumen carry very little or no charge. Naturally they do 
not migrate in an electrolytic cell. This statement, however, must 
be modified for amphoteric colloids like albumen are negative in 
alkaline liquids and positive in acid. In a number of cases it is 
true that the charge on a suspended particle is variable in acid, 
basic and neutral solutions, The charge on the disperse phase 
may be different in different continuous phases. Colloidal plat- 
inum, for instance, is negative in water but in a mixture of water 
and alcohol is positive. Many theories are advanced to explain 
the source of these colloidal charges. It is known that there is 
always a difference of potential at the surface of contact of two 
unlike substances and of course the contact surfaces between a 
disperse phase and the continuous phase are enormous so the 
contact electricity is considerable. Another conception is that 
some colloids throw off ions leaving the molecular aggregate with 
a charge. It is also suggested that the hydrogen ions of water 
are adsorbed by some colloids with retention of the positive 
charge while others retain the hydroxyl ions of water and a nega- 
tive charge. | 
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COAGULATION. 

Colloids carrying electric charges are easily precipitated by 
the addition of relatively small quantities of electrolytes. In 
the case of negative colloids like arsenic sulphide the precipitat- 
ing power of the electrolyte increases wonderfully with the charge 
onthe cation and is independent of the nature of the anion. 
With positive colloids such as ferric hydroxide the opposite is 
true. The precipitate always carries down some of the pre- 
cipitating ions hence the coagulation must be due to neutraliza- 
tion of the colloidal charges. It is no surprise now to learn that 
oppositely charged colloids may precipitate each other. Suspen- 
sions of arsenic sulphide and ferric hydroxide mixed in the right 
proportions form a precipitate. 

There is, of course, a minimum concentration below which an 
electrolyte will not produce coagulation of a certain colloid and 
it is interesting to note the values found by Freundlich in the 
case of colloidal arsenic trisulphide. Its concentration was 1.854 
grams or 7.539 millimoles per liter (a millimole being one-thou- 
sandth of a gram molecular weight). The concentrations of vari- 
ous electrolytes required to coagulate the arsenic trisulphide are 


given in millimoles per liter: 


SR ey 19.5 MgCl, . S| i eae 0.093 
Ny 50.0 CaCl, .......0.649 A(NO,), ...0.095 
RE 7s Sear 0.691 

SES 58.4 Ba(NO,). ...0.687 

aa 30.8 


It will be noted that in the first column with univalent cations 
there is little variation in coagulating power. In the second 
column with bivalent cations the values are in close accord. It is 
a striking fact that the concentration of univalent cations required 
to produce coagulation of the colloid used was 80 times greater 
than the concentration of the bivalent cations and 600 times 
greater than that of the trivalent cations. 

The precipitation of colloids by ions is a natural result of the 
neutralization of the colloid charges. Once free from the simi- 
lar charges which caused them to repel each other these minute 
particles can unite to form aggregates sufficiently large to settle. 

Colloids insensitive to electrolytes are generally organic com- 
pounds and are coagulated by heat or the addition of a great 
excess of concentrated salt solutions (the so-called “salting out” 
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process) or the addition of other solvents such as alcohol. Such 
colloids are reversible. 

Reversible colloids such as_ gelatine, agar-agar, starch, 
glue and many other organic compounds possess the prop- 
erty of swelling up with water and forming a solution on warm- 
ing. On cooling they gelatinize to a soft, viscous mass which 
retains all the solvent water. The solution is termed the hydrosol 
and the gelatinized mass the hydogel. If alcohol is used instead 
of water the terms are alcosol and alcogel. On evaporating the 
water at low temperatures from a hydrosol a hydrogel is forme: 
and if the process is not carried too far this may be redissolved 
by the addition of water. 

The irreversible colloids when coagulated cannot again be re- 
dissolved except by special methods. This class is very sensitive 
to electrolytes and includes the colloidal metals, sulphides, 
hydroxides, etc. They are generally much less viscous than the 
reversible class. 

Protective colloids belong to the reversible type which we later 
shall refer to as emulsoids and in relatively small quantities are 
able to increase the stability of many sols or, in other words, 
prevent coagulation. Barium chromate when formed in pure 
water solutions never leaves a colloidal suspension yet the addi- 
tion of very little casein to a barium salt solution readily yields 
colloidal Larium chromate when mixed with some soluble chro- 
mate. Colloidal gold, for instance, resists coagulating agents 
much better when one per cent of gelatin is present. In fact 
the relative effects of different emulsoids has been studied by 
Zsigmondy who determined the quantity of colloid just neces- 
sary to protect a definite volume of a standard gold sol from 
coagulation by a given quantity of sodium chloride. The rela- 
tive figures vary from 0.005 for gelatine, 0.02 for isinglass and 
0.2 for egg albumen, to 12 for dextrine and 25 for potato starch 
These are called the gold values of the protective colloids and 
show that gelatine is the most effective of them all. The fact 
that it is a palatable food is of great value in medicine for its 
protective effect is frequently an important aid to digestion. 

In recent years Paal has patented a process of making very 
stable metal sols some of which, copper and mercury, for ex- 
ample, have become important commercially. By the action of 
alkalies on albumen salts of protalbinic and lysalbinic acids 
are obtained and these are used. to protect metal sols, 
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EMULSOIDS. 


So far we have laid stress wpon suspensoids, that is, colloidal 
solutions having a solid disperse phase with the metal sols, sul- 
phides, hydroxides as types. Specific properties of the suspen- 
soids are easy precipitation by electrolytes, a viscosity nearly the 
same as that of the continuous phase, turbidity or opalescence 
visible to the naked eye and separate particles under the ultra- 
microscope, Brownian movement and the carrying of distinct elec- 
tric charges 

The emulsoids, however, consist of two liquid phases, drops 
or globules of a more concentrated solution distributed through- 
out a more dilute solution. This is an important class including 
rubber latex, starch, gelatine, casein, albumen, agar-agar, the 
gums, nitrocellulose, soaps and many others. These carry little 
or no charge unless hydrogen or hydroxyl ions are adsorbed 
from acid or basic solutions. Under the ultramicroscope most 
of them do not show separate particles but merely a diffused 
light cone. They froth or foam easily, gelatinize or swell, require 
large concentrations of salts for coagulation and possess high 
viscosity. With increase in concentration the rise in viscosity 
is enormous and with increase in temperature the decrease in 
internal friction is great. 

These emulsoids seem to have a fibrous structure of the more 
concentrated solution enmeshing the more dilute phase. The 
gel resulting when gelatine sol is cooled retains all the water of 
the sol—a marked difference from gel formation in the suspensoid 
class. The coagulation is probably a transfer of water from 
one phase to another. 

Closely related to this class are the emulsins best illustrated 
by an intimate mixture of a little oil and a great deal of water. 
Here the two phases are liquid but they are insoluble in each 
other. Rubber latex is another emulsin containing globules of 
rubber and resins suspended in a continuous phase of a solution 
of proteids. Emulsins are easily made by admitting oils into 
water or solutions through a fine nozzle or by violent shaking of 
the mixture. Soap solutions aid in the emulsification of oils 
because they have very low surface tension thus permitting the 
formation of extremely small globules with greater rigidity than 
larger drops. Pickering made an oil emulsion containing 99% 
oil which was so rigid it could be cut into cubes. Milk is an 
emulsin of butter fat in a solution of caseinogen, lactose, salts 
and albumen. 

(Concluded in December Number.) 
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EXPERIMENTAL STUDY OF THE CHEMICAL ACTIVITIES 
OF LEAVES. 


(Working Directions as Given to the Class.) 
By R. R. TURNER, 
University of Illinois. 


|. THe Errect or LEAF-ACTIVITY UPON SURROUNDING AIR. 

Two bottles of fresh air, containing leafy sprigs, are tightly 
stoppered. In order to test the effect on “impure” air (contain- 
ing much carbon dioxide) two bottles are filled with air from 
the lungs (by filling first with water, then inverting an open 
dish of water and blowing air through a bent tube into them). 
Place leafy sprigs in them, and stopper. Two are prepared, in 
order that the effect of light, if any, may be determined by car- 
rying out the experiment in duplicate in the light and in the dark. 

Prepare 4 “control” bottles, just exactly as above, without tic 
leaves. ; 

Place one fresh air bottle with leaves, and one impure air 
bottle with leaves, with the corresponding “controls” in a dark 
place for twenty-four hours. Place the rest of the bottles in a 
bright place—sunshine if possible. Test each bottle (a) for 
carbon dioxide by means of a vial of lime water, (b) for support 
of combustion. 

Tabulate the results of the tests as follows: 





(CONTROL) 
Without Leaves 


| Carbon 
Dioxide? 


With Leaves 


| Carbon 


er een 
Oxygen! , Dioxide? Oxygen! 


{ Pure Air 
) Impure Air 
{ Pure Air 
) Impure Air 


Dark 


Light 











By comparing these results obtained with leaves and without 
leaves, the effect of the leaf-activity may be found in each case. 
What gas is formed, and what is used? Contrast the effect in 
the dark with that in the light. , 


2. PRODUCTION OF GASES BY LEAF-ACTIVITY. 


Observe a bit of green aquatic plant (e. g., “fish moss”) in a 
test-tube placed in the sunlight. Note the formation ef bubbles. 
(a) What ts the gas? Collect some of the gas by covering 
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some of the aquatic plant in the water with an inverted funnel. 
Place an inverted test-tube over the stem of the funnel, to collect 
the gas by displacement of water. Test with a glowing spark 
after a considerable amount has been collected. 

(b) What effect does light have, if any? While this is col- 
lecting, find the rate of bubbling in direct sunlight by counting 
bubbles for two or three minutes, recording average number 
per minute. Repeat in diffuse sunlight, then in a dark corner of 
the room. 

(c) Do the gases dissolved in water affect the action? Test 
by transferring to water which has been recently boiled. In 
being heated to boiling, dissolved gases are caused to escape (the 
bubbles rising before boiling begins, are gases escaping from 
solution ). 

(d) Boiling removes all gases from the water. What would be 
the effect of removing only one? What gas has been shown (1) 
to be used up in leaf-activity? By adding a little limewater to 
some ordinary (unboiled) water, all the dissolved carbon dioxide 
may be used up. Test for the bubbling action in this water. 
Conclusions ? 

(If you suspect that limewater may injure the plant, replace it 
in fresh water, and see if action continues.) 

(e) What would be the effect of water containing carbon 
dioxide alone in solution? Test this by using water which has 
been boiled to expel all dissolved gases, and then saturated with 
carbon dioxide from a generator. 


3. THe PRODUCTION OF STARCH IN THE LEAF. 


The test for starch in leaves is made by treating the leaves 
with a solution of iodine, after first placing them for a few sec- 
onds in boiling water, then soaking in alcohol until all the green 
coloring matter (“chlorophyll”) is dissolved out. The presence 
of starch is shown by a blue or black color, which is to be 
distinguished from the brown stain of the iodine itself. 

(a) What effect does light have upon starch-production? 
Test for starch in two leaves, one of which has been exposed to 
direct Sunlight, the other kept in darkness for twenty-four hours. 
The effect may also be shown in a’single leaf, part of which has 
been shielded from the light by a covering of tin-foil, or by corks. 

(b) What effect does carbon dioxide have upon starch-produc- 
tion? Place a leafy sprig in a stoppered bottle containing some 
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soda-lime, fitted with an exit tube to which a U-tube containing 
soda-lime is connected. The soda-lime absorbs carbon dioxide, 
and thus keeps the air about the leaves free from this constituent. 
Place a similar sprig in another bottle, but leave it exposed to the 
air containing carbon dioxide. After both have stood in a sunny 
place for a day, test a leaf from each for starch. 

(c) What is the effect of the green coloring matter in leaves 
(chlorophyll) upon starch formation? Certain kinds of geran- 
iums, ornamental grasses, etc., have variegated leaves; that is, 
part green and part colorless. Test some leaves of this sort for 
starch after exposing to light to obtain an answer to the above 


question. 
!. Errect or CoLorep LIGHT ON LEAF. ACTIVITIES. 


Any of the above experiments in which the effect of the light 
is tested—namely, 1, 2-(b), 3-(a)—may be carried out in colored 


light (e. g., in large bottles of colored glass). Red and green 


light, especially, should be tried. 


HIGH SCHOOL AND RAILROAD CO-OPERATE. 

Boys in the high school at McComb City, Miss., earn from $12 to 
$18 a month regularly while attending school. A plan of co-operation 
has been drawn up between the high school and the Lllinois Central Rail- 
road, whereby the boys attend school one day and work in the railroad 
shops the next, according to information received at the United States 
Bureau of Education. The “student-apprentices,’ as they are called, 
are paid for their work in the shops, the minimum wage being 12 cents an 
hour. After four years of combined high school attendance and shop 
work the boy is prepared to enter college or draw a man’s pay at his 
trade. 

Railroad and school authorities both agree that the plan works well. 
The railroad official in charge of the boys said: “After actual tests it is 
shown that the plan of co-operation between the Illinois Central Railroad 
shops and the McComb City High School is not only feasible but that it 
is working out in a manner entirely satisfactory. I believe it to be for 
the best interest of the railroad company to fill all vacancies in the ap- 
prenticeship system as far as possible with co-operative apprentices.” 
Superintendent Hughes, of the school system, is equally enthusiastic over 
results from the school’s point of view. He believes the plan offers one 
solution of the problem of keeping boys in school; that it fosters a boy’s 
spirit of independence and satisfies his commendable ambition to get into 
the game of life. 

The McComb City plan is another indication of the strength of the 
present movement for systematic vocational education in connection with 
the public schools. It is noteworthy in that it does not lose sight of the 
need for continued cultural training for the boy who may want to earn 
his living in the shops. 
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A THREAD OF MATHEMATICAL HISTORY, AND SOME 
LESSONS.’ 


By R. D. CARMICHAEL, 
Indiana University. 
I. 

Scientific work often waits long for its full fruitage. The seed 
of truth is frequently produced at a time when there is no soil 
ready to receive it; and consequently it must lie quiescent for an 
uncertain period until preparation has been made for its sowing. 
And even after it is put into the soil it may happen that centuries 
will elapse before it can germinate. But it retains its vitality 
until millenniums have come and passed. Ultimately it springs 
into growth, slow at first and more vigorous afterwards. Often 
it comes unexpectedly to florescence and bursts into magnificent 
flower. I ruit appears, and men begin with joy to reap the har 
vest of an ancient sowing. For year upon year and century 
upon century it not infrequently continues to yield its precious 
increase, and men rejoice in the ever renewed heritage of a remote 
past ; and what they have received they hand on to the future in 
full vigor and undiminished usefulness. To have a part in creat- 
ing a new heritage for those in the centuries to come is the 
most glorious labor which falls to the lot of man. 

But to strive through a long life of severe scientific investiga 
tion without seeing the direct fruits of one’s toll is difficult for 
many of us, and we need the encouragement which comes from 
seeing the magnificent usefulness of past research. Even the 
enthusiastic worker sometimes has a period of despondency when 
he can take no pleasure in his labors and when he turns away 
from them with a feeling of tire and disgust. Of Lagrange and 
his work on mechanics it is said that “for two years the printed 
volume of his Mécanique, which he had seen only in manuscript, 
lay unopened beside him.” : 

That the teacher also suffers sometimes from the same spirit 
of dejection is known to most of us through our own experience. 

It is thus clear that both the investigator and the teacher should 
be provided with all the encouragement which the past history 
of science affords. Considering what this is it is hard to see how 
they could ask for more. One purpose of this lecture is 
illustrate the nature of this encouragement by means of a typical 


+ 
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example taken from the history of mathematics and its applica- 
tions to other sciences. We shall trace a certain thread of 
mathematical history from its origin in ancient times down to 
the most recent investigations. You are urged to remember that 
the example taken is merely one of a large number, any one of 
which would serve well the same purpose: it is not an isolated 
case, but one which has many instructive parallels. 

But, first of all, before giving this account of certain applica- 
tions of mathematical speculation, let me (as a mathematician) 
emphasize the fact that mathematics does not exist merely for 
these applications. In fact they are incidental to its main pur- 
pose. Mathematics exists primarily and essentially for itself. 
If we should attempt to cultivate it for its applications alone we 
would soon find our progress impeded by barriers which we 
could not remove. It must be cultivated for its own sake even 
though many of its results appear for a time entirely useless. 
How they often have unexpectedly a great value will be seen 
from the historical sketch which we are about to give. 

Let us go back to ancient Greece where so many threads of 
history have their origin. Here we shall find the beginning of 
the theory of Conic Sections. One series of consequences grow- 
ing out of this it is our purpose to treat. 

Suppose that we have a right circular cone and cut its surface 
by means of a plane. If the plane passes through the vertex 
of the cone the section figure consists of two straight lines. We 
shall dismiss this case as trivial. When the cutting plane does 
not pass through the vertex several possibilities arise. In the 
first and simplest case the section figure is a circle. All the other 
cases we may look upon as generalizations of the circle. We 
have a closed figure, which resembles a circle elongated in one 
direction. We have next a figure with one branch going off to 
infinity. Finally we have a figure with two branches going off to 
infinity. These three “conic sections” are known as the ellipse, 
the parabola, and the hyperbola, respectively. 

To the study of these three plane curves the ancient Greek 
mathematicians devoted much attention, and a large body of 
elegant theory was built up and rigorously established. The 
results had no apparent practical applications, and none were 
sought for them. They seemed to be remote from all experience 
a creation of the mind, standing aloof from all useful service. 
But this did not deter the investigators. They studied the 
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curves simply for the sake of their symmetry and elegance. 
Their object was the pure delight in the artistic beauty of the 
theory, made complete by the answer -to every question which 
they were able to ask. Working thus and without knowing what 
they were really effecting, these Greek mathematicians wrote 
“the grammar of the language in which, it would be demon- 
strated in after ages, that the pages of the universe are written.” 

For many generations this body of Greek speculation was 
practically unaltered. For awhile it was almost forgotten, but 
it was preserved in the written records of Greek thought. When 
the revival of interest in ancient philosophy appeared, men were 
again delighted with the beauty of the theory of conic sections 
and it was passed along from teacher to pupil, unaltered for 
many generations and still without practical use or even the use 
which comes in application to other scientific theories. The era 
of scholasticism came and passed away. The spirit of the ages 
changed, and changed again; and yet this body of Greek thought 
remained unaltered and without application. It was still culti- 
vated and preserved for its own sake. 

Then came the dawn of the modern era, brought in by the 
writings of Bacon. -Men still learned again what the Greeks 
knew of conic sections. A contemporary of Bacon’s was at the 
same time versed in this ancient theory and interested in the 
study of astronomy. This man was the illustrious Johann Kep- 
ler. He was engaged in trying to determine the nature of the 
planetary orbits. He tried circles, but they would not fit into 
his data obtained by observation. He tried combinations of cir- 
cular arcs, but this was no better. He cast about him for other 
curves of simple properties which might possibly agree with all 
observations. It occurred to him to try the ellipse, a curve 
whose properties were so well known to him through his acquain- 
tance with Greek mathematics. To his delight he found that 
all his data fit perfectly into the scheme of an elliptic orbit. No 
where was there greater deviation than might be accounted for 
by experimental error. His quest ended in success, because 
thousands of years before his time the Greek mathematicians 
had been interested in the theory of conic sections for its own 
sake. 

But this was not all. Once the form of the planetary path 
was known to him, Kepler was able to take up successfully sev- 
eral fundamentally important questions which before had re- 
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mained inaccessible to treatment—in fact, they had hardly been 
framed by his predecessors. The same Greek tools which he 
had already employed again served his purpose; and the out- 
come of his investigations was the enunciation of those laws of 
astronomy which have since been associated with his name. Thus 
the foundation of modern astronomy was laid; and the methods 
by which it was accomplished depend essentially on the ancient 
theory of conic sections. 

This, I believe, was the first important fruitage of that part 
of Greek mathematical speculation which we are considering; 
and, as the first, it is the beginning of a long line of magnificent 
discoveries which is not yet terminated. Let us follow the 
thread down to our own time, even though we shall have to 
watch closely to avoid losing it in the great body of our present 
day science. 

A few years after the death of Bacon and of Kepler the great 
English physicist Sir Isaac Newton was born (1642). The great 
advances in astronomy due to the discoveries of Kepler naturally 
turned men’s thought in that direction. In the early years of his 
life Newton meditated upon the elegant laws of Kepler. The 
question uppermost in his mind was this: What is the ultimate 
law of nature upon which the properties of the planetary orbits 
depend? Following out this line of investigation he was led 
to conceive the law of universal gravitation and to conjecture 
that the force of attraction between two bodies was directly 
proportional to the product of their masses and inversely pro- 
portional to the square of the distance between them. 

This law was simple enough. Could it be tested? Could 
it be applied in the derivation of the laws of planetary motion? 
Newton found that the laws of Kepler could be derived from 
his theory of gravitation. On the other hand it was also pos- 
sible to derive his theory from Kepler’s laws. The Greek theory 
of conic sections again played an important role in these dis- 
coveries. This was another fruitage of the ancient sowing. 

It thus appears that speculations which were engaged in by 
the early philosophers solely from intellectual delight in them, 
became the corner-stone of the explanation of the Universe af- 
forded by Newton’s law of gravitation. Probably no discovery 
of man will ever surpass this in importance; for there is only 
one Universe in the large to explain, and Newton has explained 


this one. 
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The discoveries of Newton became the basis of the beautiful 
and extensive science of Celestial Mechanics. The general theory 
was first presented from a single point of view by Laplace in 
his Mécanique Céleste. As stated at the beginning of the first 
volume of this work, it was the author’s purpose to “offer a com- 
plete solution of the great mechanical problem presented by the 
solar system, and to bring theory to coincide so closely with 
observation that empirical equations should no longer find a 
place in astronomical tables.”” His success in both respects 
brought him very close to a realization of his lofty ideal. He 
built his own researches and that of his contemporaries and 
predecessors into a magnificent explanation of the system of 
the universe. As so often happens, when a great work is finished, 
many years passed before essential additions were made to the 
theory ; men were engaged in mastering it, in supplying its lacu- 
nae and developing to a further extent some conclusions con- 
tained in it. The late Henri Poincaré in his Nouvelles Methodes 
has in recent years made a notable and essentially new contribu- 
tion to the theory. In all of this the theory of Newton is 
fundamental. 

Let us return to the classic work of Laplace. The principal 
part of this, consisting of the first four volumes, was completed 
in the early years of the nineteenth century. This treatise holds 
a unique place in the history of science. It was the first instance 
in which a unified and logical theory (of such extent and im- 
portance) had been developed for a large class of observed 
phenomena. A very few fundamental principles lay at the basis 
of Laplace’s entire work; and it was developed from these in 
its entirety solely by logical (that is, mathematical) processes 
In such a body of truth there is something esthetically satisfying 
in a high degree. It could not fail to have a profound effect on 
the development of thought. 

In fact, Celestial Mechanics became at once the model for the 
exact sciences: Men sought to give to other theories an equally 
beautiful and logically consistent form. The start from a few 
simple principles, easily enunciated and readily comprehended ; 
the forward march of theory into new fields, comprising in the 
range of its explanation an ever-increasing portion of observed 
phenomena ; and its ultimate comprehensiveness in this respect— 
these things gave it a hold on the imagination. It thus became 
a profound factor in the development’ of the whole of physical 


science in its mathematical form. 
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One has only to observe the remote origins of these theories 
to see what a profound role in scientific progress is played by 
the ancient Greek conic sections. 

But there is still more to be said; it is becoming increasingly 
difficult to follow our thread, but still we shall be able to trace 
it further if we look carefully. We have just seen that the form 
of mathematical physics has been largely determined by that of 
Celestial Mechanics. Now experimental and theoretical physics 
have been profoundly influenced by mathematical speculation, 
both as to the direction of progress and as to the content of the 
discoveries. 

In particular, Maxwell’s theory of electricity and magnetism 
could not have been developed when it was and as it was with- 
out making essential use of mathematical physics. In fact, it is 
itself primarily a branch of mathematical physics. 

Maxwell's theory, as is known to every student of science, 
has been a powerful element in leading to the recent advances 
in experimental physics. Some of the facts predicted in it waited 
twenty years for verification in the laboratory. Many conclu- 
sions reached in a speculative way were suggestive of new ex- 
periments; and these have been carried out—with essential ad- 
dition to our knowledge of the nature and properties of electricity. 
It would be hard to overestimate the importance of Maxwell’s 
work to the modern theory of electrons and that whole body of 
facts connected with them which give distinction and glory to 
the discoveries of the past few years. 

Looking back now over our completed historical sketch we 
see that if all these developments had come without the ancient 
Greek theory of conic sections they must have come in an essen- 
tially different way. What are the consequences of this fact? 
That they actually came thus is probably sufficient evidence that 
this was the readiest way, and also the best for a mind con- 
structed as ours is. From this we may conclude that if these 
discoveries had been made otherwise they would have been later 
in coming. But we have no assurance that they would ever have 
been made at all. When we notice to what extent it appears that 
discoveries are made by chance and how often an accidental 
juxtaposition of thoughts leads to the detection of a new prin- 
ciple, we feel that it would be hazardous to miss one link from 
the chain of scientific progress. We have not yet learned how to 
systematically explore new territories of thought. We can only 
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look over the field at random and hope to find here and there a 
pearl of great worth. On this account we cannot afford to lose 
anything which assists us to success. Every help, however re 
mote, is essential; and we must hold it precious in our sight. 

It would be foolish for us to conclude that modern physical 
science is a consequence of the old Greek mathematics. Many 
elements of diverse origin have entered into its structure—of 
philosophical speculation, of mathematical analysis, of experi 
mental observation—and each of these has played an essential 
role. None can be omitted without marring or even destroying 
the whole. 

Modern science is a web woven of threads from many sources, 
of which one is the Greek theory of conic sections. This thread 
is essential. Many others have a like place of importance, and 
all of these have the same claim to recognition. lor the sake of 
definiteness we have put the emphasis upon one alone, because 
we have sought to trace out in one direction the value of a cer 
tain ancient speculation. 

And we have indeed followed it out in only one direction. 
If we should seek to examine further the value of this same 
theory of the olden time, we should first have to observe that 
numerous threads of history spring from the same source. We 
have considered only one, and that perhaps not the most im- 
portant. It would next be necessary to take up each of the others 
in their turn and find how they lead us into some important 
modern theory—whether of geometry or mathematical analysis 
or physical science or even philosophy—and see how they are 
thus woven into widely diverse parts of our present body of 
knowledge and opinion, 

It is only when all of these have been considered in detail 
that we should be able to realize the magnificent consequences 
which owe to this ancient speculation an essential element in their 
development. Could those thinkers of the past have anticipated 
this glorious fruitage of their labors, with what a spirit of en- 
thusiasm would they have performed their researches! 

But the whole tale is not yet told. Further advances are yet 
to be essentially dependent upon this same fundamental basis. 
When one realizes the wide ramifications of the influence of 
research, once it is done, what greater incentive can one have to 
strive for the advancement of human knowledge—either directly 


by his own research or indirectly by his teaching others who shall 
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some day devote themselves to the conquest of the unknown! 

The above discussion has an important corollary which we 
shall now state. It has to do with the problem of apparently 
useless research—especially in the realm of the mathematical 
sciences. There must be a large part of the science of every 
generation for which that generation knows no other use than 
the esthetic pleasure in its contemplation. What should be our 
attitude toward this part of the research of our contemporaries ? 

Let us recall that many generations came and went between 
the time of ancient Greek speculation and the gathering of the 
first fruitage in the researches of Kepler. But time has shown 
that the value to man of that early work was immeasurable; 
already we reap an abundant harvest. This is not an isolated 
case in the history of research. In fact, it is typical of a normal 
development. It is the way of science to burst into magnificent 
flower in unexpected places. We can never foresee its possibil- 
ities. 

Consequently, we must treat every advance in permanent 
knowledge as a precious contribution to the wealth and worth 
of mankind, and must support it with our enthusiastic interest. 
America has not yet learned this lesson as she should and must 
learn it. The teachers of our country are to induct our people 
into a proper appreciation of the constructive thinking done 
among us. 

The example which we have given is sufficient to show that 
future ages will remember gratefully the work which is accom- 
plished under such encouragement. 

It would doubtless be easy to find other illustrations to indi- 
cate the like value of researches in every field of scientific ac- 
tivity. 


II. 


An historical account of the past and distant is of no value 
to us unless we can bring it down into the here and now. Then 
let us ask what questions are suggested by, and what lessons 
are to be learned from, the history which we have reviewed 
together ? 

Consider the general subject which you are teaching today. 
What are the important threads of history with which -the sub- 
ject is shot through at the present time? What are those which 
came up from the past? and what are they which are just now 
making their appearance? 
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Of all these, which should be taught to a student at a given 
particular stage of his development—say at the stage at which 
you teach him? 

These questions it is difficult to answer in the wisest way. 
The Greek theory of conic sections was studied and kept alive 
from generation to generation although the only reason was the 
esthetic delight in it. Can any one regret that 1t was so? In 
our day there is a great clamor for the practical—and the practi- 
cal no doubt should be had. How much of the other should be 
retained? This generation is going to have to answer that ques- 
tion anew. Indeed, it is already thrust upon us. I am one who 
believes that we shall answer this question wisely only when we 
have studied it in the light of a profound knowledge of the forces 
which have heretofore determined human progress. 

The glorious past must be our schoolmaster in the present— 
but it cannot be our taskmaster. We are living in a day of 
progress. I have no sort of notion that the great things were all 
done in the past; nor even that the most fundamental problems 
were all proposed. We shall ask far-reaching questions and 
shall also do notable things in our day and generation. The 
lesson of the past, however glorious, is not that we shall do the 
things of the past. It is rather that we shall do what seems to 
us good as the fathers did what seemed to them good. 

We must solve anew for our generation many of the problems 
which the fathers solved for theirs. We have their example to 
inspire; but their results we can accept only as tentative. We 
must study out the questions anew for ourselves. 

To take a special case, let us ask: What threads of mathe- 
matical history and mathematical knowledge are to be weven 
into the warp and woof of our young people’s education? The 
scientific story which we have studied together shows the vast 
importance of our answering this question rightly. No less a 
matter is involved than the future progress of human thought. 
But it is obvious that the question is a difficult one. There are 
others similar to it of like difficulty and importance; every field 
of study affords one. 

We have come upon a period of unrest. Nothing scarcely is 
accepted as established beyond question. The reasons for teach- 
ing every subject and every topic in each subject are undergoing 
critical scrutiny. This is evidenced by the large number of recent 
text-books and their varying content as well as by the frequent 
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and interested discussion among thoughtful teachers everywhere. 

Many of our problems we have to solve again. 

It is good for us. It is the only way to be progressive. No 
human being can ever do a thing so well that some other human 
being may not do it better. In the march of progress there is 
no room for the man who always wants to let well enough alone. 
That has been the attitude of monkeys; and it is ome reason, I 
suppose, why they have never become men. 

Nature hates a standpatter, and she never allows him the great- 
est success. We must always be taking hold of our questions— 
even the oldest ones—as if they have not been answered. It was 
refreshing to hear the illustrious Poincaré, a few years before 
his lamented death, ask in earnest whether the earth actually 
moves around the sun. 

To settle the questions, old and new, which now confront us 
will require the combined wisdom of all of us. 

At the present time it is hard to give a satisfactory reason 
why some subjects in our curricula should be there; it is harder 
still to see why others are excluded. Our generation is to wit- 
ness a revision of courses of study which will make such a 
statement no longer possible. We want to gather all the threads 
of history out of the past, we want to find all those which are 
being spun today; then we must examine them, enquiring which 
of them can be used to best advantage in weaving the most beau- 
tiful and enduring fabric of modern civilization. These must 
be conserved, these must be wrought into human character 
through the processes of education. 

For this to be done promptly and efficiently we need to bring 
out into the open light of free discussion our opinions, our prac- 
tices and our arguments. It is a time for frankness; not merely 
the frankness which readily confesses all, but the frankness which 
finds opportunity to declare all. It is important that I know 
promptly and accurately what you think—what you think about 
your own work and what you think about mine. We need to 
see this whole matter from as many different angles as we have 
individual workers. We need also to see it from the point of 
view of intelligent men and women who are not professionally 
engaged in education. There is no other wisdom in a commun- 
ity so great as the combined wisdom of the whole commun- 
ity. It is this which we need in the solution of our present 
problems. 

In order to get at our combined wisdom we shall need to 
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deliberate together. We require also to find some means of 
bringing our communities together for counsel. This latter in 
itself is a revolutionary proposal; but it is one which has been 
made by several persons who have approached our great modern 
problems from widely different points of view. We need to 
develop a public opinion in education which shall be virile and 
just. This opinion must be guided and developed by those who 
know the history of human thought and the needs of the present 
hour. 

For the solution of our educational problems we also require 
suitable places of publication in which to record our more im- 
portant ideas. America perhaps has fewer of these in propor- 
tion to the magnitude of her problems than any other of the 
greater countries. Fer those engaged in the teaching of mathe- 
matics there are two journals which stand out as especially 
valuable—ScHoot ScIENCE AND MATHEMATICS and The Ameri- 
can Mathematical Monthly. It is important that these journals 
receive the cordial and hearty support of teachers. 

It is further necessary that the general discussion of our 
problems be examined by a large number of those engaged in 
educational work. The more thoughtful and valuable parts of 
this discussion are to be foynd regularly in the two journals 
mentioned. I want to urge teachers of mathematics to read 
both of these journals and all science teachers to read the 
former. 

It is important not only that you shall know the opinions of 
others but also that you shall express your own—several of you 
no doubt in the permanent form of printed papers. It is thus 
that we shall disseminate most widely our varying opinions and 
contribute most to the early solution of our problems concerning 
the curriculum. 

We are at the dawn of a new era in the teaching of mathe 
matics, and probably of all the sciences. We must gather into 
the warp and woof of our courses other threads than those which 
have heretofore been woven in. The future is big with the pos- 
sibilities which the present foretokens. I know that you also 
are inspired with the forelook of human progress. No other 
attitude is possible when we contemplate the magnificent achieve 
ment in the past through labors in every respect parallel to our 
own. It is beautiful to be comrades on such a road of progress; 
and I for one wish that our comradeship might grow more 


intimate. 
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SEQUENCE OF SCIENCE AND AGRICULTURE IN THE 
HIGH SCHOOL.’ 


By Jostan MAIN, 


Hays, Kansas. 


Of all the questions to which educational committees and jour- 
nals have been devoted, the problem of what the high school 
sciences shall be, and the order in which they shall be given, 
shows least progress toward final agreement. The two phases, 
what they shall be, and where each shall go, are so related that 
they cannot be considered separately, for while we are fixing the 
one, we find that we have disarranged the other. The problem 
is complicated by the introduction of a third unknown factor of 
how the sciences shall be affected by the introduction into the 
high school of industrial subjects, such as agriculture, which 
includes many applications of science. And it should be stated 
that no debate of this subject can be very profitable that does not 
include in the premises an agreement as to what sciences should 
be undertaken below the high school. 

High School mathematics has a logical sequence that admits 
of little variation. History has a chronological sequence which 
must be observed, at least within its larger units; and literature 
has a genetic sequence which finds its counterpart in the develop- 
ment of the child. The science group, on the contrary, is split 
into distinct sciences, each of which in the hands of its specialist 
and advocate, contends for the place of vantage in the latter part 
of the course, where all the others may contribute to its dignity 
by preparing its way and making straight its paths. Thus, for 
example, botany and chemistry are each politely saying to the 
other, “after you.” Meanwhile, the result of this internal dis- 
agreement is to break the unity of science, thus greatly impairing 
the value of each division, while weakening the ability of the 
whole group to properly assert itself amid the larger claims of 
the several groups. 

The “unity of science” implies a dependence between different 
sciences which will usually be found to be mutual and argues 
equally well forward or backward. One method of compromis- 
ing conflicting claims for precedence is to divide a science into two 
portions, the elementary to be given in the first year or earlier as 
an introductory science, and the advanced phase placed in the 
last year of the course. This method is specially suited to such 


1Received in November, 1912, and put into type in February, 1913, 
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. 
a science as physics, whose rapid growth in recent years has 
accumulated more subject-matter than the average high school 
can properly treat in a year. Such a proposition is suggested in 
the report adopted by the secondary department of the National 
Education Association in July, 1911, on “The Articulation of 
High School and College.” In its report of 1893, the Committee 
of Ten suggested a similar treatment of the subject of physical 
geography, a recommendation that seems to have had little in- 
fluence on subsequent practice. 

Despite the variety of opinion as to what the sequence of high 
school science should be, experience has established a generally 
accepted order, agreeing more or less with the authoritative report 
of the Committee of Ten. Recent high school courses of study 
of the twenty-one largest cities in Illinois, omitting Chicago and 
its environs, give interesting data concerning the present practice. 
The method of using this data was to give the value .5 to a science 
offered any time in the first year, 1.5 if offered in the second, 
2.5 in the third, and 3.5 in the fourth year. For each subject, the 
value was taken as determined by the printed course, and the sum 
of the twenty-one values divided by twenty-one to find the average. 
Thus should each offer a particular science in the first year, the 
average would be a value of .5; but should any offer it at a later 
date the effect would be to raise that value an amount agreeable 
to the year in which found, subject to the reduction due to averag- 
ing. The averages thus obtained for the six sciences susceptible 
to this treatment were as follows: 


Physical Geography ..... i 1.85 
CESS eee 94 Chemistry ....... Pe ee 2.95 
SD bhlais 24-06 6% 80 60 0% SF Serer errr 


The order given in the table is the prevailing order in these 
schools, the chief value of the table being to show the relative, 
rather than the actual positions. For it is apparent that the 
natural tendency to vary is restricted within the limits 0 and 4, 
the beginning and close of the high school course, with the result 
that reducing a science from the high school into the grades 
inequitably destroys its influence on the average; and that inter- 
mediate values may result from averaging extremes as well as 
means, while all averages tend unduly toward the middle value 2. 

The figures should also be interpreted in the light of a statute 
requiring physiology to be taught in the first year of the high 
school, and another which requires geography and physiology of 
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all candidates for teachers’ second grade certificates, all the re- 
maining sciences but chemistry being required for the first grade 
certificate. 

In an investigation of forty-eight high schools “principally in 
the Middle West,” Miss Ada L. Weckel, School Science and 
Mathematics, May, 1911, obtained data which gives almost the 
same sequence, though not the same values for these subjects, 
the only difference being that physiology, probably because it is 
not so firmly bound in place by statute in other states as in 
Illinois, has migrated to a position between botany and zodlogy. 
Mr. E. E. Ramsey, School Science and Mathematics, December, 
1911, in a similar investigation of the high schools of Indiana 
and other states of the Middle West gets corroborative results. 

The recommendation of the Committee of Ten concerning 
geography was that the more elementary portions constitute the 
“physical geography” of the first year, while the more technical 
portions be carried over to the last of the course. Though no 
school was found to divide the subject for an elementary and 
an advanced treatment they generally agree with the recommenda- 
tion by placing it in the first year, variations from which showed 
a tendency to carry it over to the last year. 

No recommendation of the committee has been more generally 
observed in practice than the one placing botany and zodlogy in 
the second year. However, these two subjects, at first closely 
associated, show an unmistakable drift from their moorings, 
botany moving downward toward the first year, as shown in Miss 
Weckel’s investigations, and zodlogy moving toward the third 
year or being eliminated. Botany is subjected to two opposing 
influences which will probably divide it into two distinct por- 
tions. The introduction of agriculture below the high school is 
already resulting in the injection of much elementary botany 
into the elementary grades, while the leading botanists insist on 
giving high school botany a character that would move it in the 
other direction. The migration of zodlogy to the third and fourth 
years to be followed by physiology, as located by the Committee 
of Ten would make possible an evolutionary treatment of the 
combined subject that is much to be desired. 

The recommendation of the Committee regarding physics and 
chemistry has not been respected. It will be recalled that the 
conference to whom the Committee assigned those subjects 
recommended a placement identical with the one now prevail- 
ing; but owing to their division of physical geography into an 
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elementary and an advanced portion, the Committee reversed 
that order so that physics might precede and prepare for the 
advanced work in physical geography. The reason for this re- 
versal not proving well founded, the recommendation of the 
conference should prevail. This would agree with the present 
evident tendency to relieve the physics dfficulty by putting its 
elementary phases into a first year science course and leaving 
the more technical and quantitative treatment for the last year 
of the course. 

The proverbial inertia of school curricula makes unsafe any 
laissez faire method of establishing the sequence of high school 
sciences. But it must not be thought that the present sequence 
is to any considerable extent the result of neglect. What then are 
the influences that have established this order of treatment? 

Doubtless authoritative recommendations of competent com- 
mittees have been a strong influence; also the accrediting system 
of colleges and universities by requiring a certain character of 
work offered in admission, have indirectly determined its location 
in the course. And an increasing complexity and supposed de- 
pendence of subjects has been a component of the final result. 
The tendency to place general and prescribed courses before spe- 
cial and elective courses has been a strong influence. Other tem- 
porary causes are the supply and demand of scholarship in high 
school teachers and their preparation in the different sciences, 
and the relative expense of equipment which the different sciences 
demand. Finally to be mentioned as a powerful factor is the 
recency of introduction of the various sciences to the course. All 
subjects shown in the high school course have entered it from 
above, having been handed down from the colleges, and tend to 
gravitate from the latter part of the course toward the earlier 
until they find their supposed level in youthful capacity. Thus 
chemistry, the most recent introduction, has probably not yet ex 
hausted its downward tendency. 

Yet the foregoing influences are all more or less superficial 
and transient. Deeper than them all is a rational motive that 
has sometimes found its expression through them and should 
ultimately control the sequence of science in the high school. 

With the young the learning process involves a great deal of 
muscular reaction. This necessity of motor expression diminishes 
with advancing years and the accumulation of an interpretive 
stock of motor experiences with things. The size of the muscles 
involved in these reactions is an index of the stage of develop- 
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ment of the learner. And since the accuracy and promptness of 
every muscle seems capable of unlimited improvement by educa- 
tion, they, too, indicate stage of development. On final analysis, 
the correct gradation and sequence of all rational school subjects 
will probably be found to conform to muscular development. The 
difficulties in high school sciences inhere largely in the formulae 
with which the teacher short circuits his explanations or the ver- 
biage with which he covers his ignorance. Whatever is definite 
is easy. Uncertain or confused things only, are difficult, and any- 
thing worth knowing may be taught the adolescent by a competent 
teacher. 

Applying this test of motor adjustments, a solution of the 
problem of high school science will at the same time determine 
the correct sequence of the different phases of agriculture in the 
schools. All of the subjects involve the use of both the large and 
small muscles. Subjects demanding more use of the finer muscles 
go later in the course than those involving more use of the 
coarser. Those requiring skill and accuracy of the larger muscles 
may often have an early or late treatment, or both. First year 
high school students are familiar with or may make all of the 
adjustments demanded by such work as geography, soils, stream 
action, farm machines, and elementary physics. Tillage, the 
study of the corn plant and ear, the morphology of root, stem, 
and leaf, and budding, grafting, pruning, and spraying involve 
motor adjustments appropriate to the grammar grades. The ex- 
amination of cells, fibro-vascular bundles, and the stamens and 
pistils of most plants, and the making of biological drawings— 
work which exercises the finer muscles of accommodation—the 
preparation of slides and the adjustment of the microscope do 
not belong below the second year of the high school. And corre- 
lated with the botany may appropriately be placed budding, graft- 
ing, spraying, and pruning in a more rational form and demand- 
ing a higher grade of skill. School gardening exercising as the 
work does, the larger body muscles, is appropriate to the primary 
grades. Nature study may be regarded as the most appropriate 
muscle culture known to the schools in that it automatically ad- 
justs itself to the stage of development of the pupil. Until some- 
one defines more definitely than has yet been done the character of 
animal husbandry best suited to the schools that subject may go 
anywhere in the course. When the need and the opportunity for 
the drawing of correct animal conformation is appreciated, it will 
be given an advanced position. Exercises in advanced physics, de- 
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mand delicate adjustments appropriate to the last year of the 
high school course which position also agrees with the mathemati- 
cal requirements of the subject. Accurate use of dissecting instru 
ments, the fine balance, fragile glassware, and c. p. reagents, and 
the making of a pure culture and keeping it pure, demand mus- 
cular skill not to be found below the third year of the high school 
course. 

Influenced by this factor the high school sciences will find their 
places and the sequence of the different phases of agriculture 
that are naturally correlated with them will, by the same process, 
have their positions determined. 


HAWAIIAN SCHOOLS. 


Japanese pupils now form the most numerous element in the Hawaiian 
schools, and they are increasing at a more rapid rate than any other race, 
according to a statement by Governor Walter F. Frear, received at the 
United States Bureau of Education. The Japanese now have a consider 
able lead in the school population, with over 31 per cent of the total; the 
Portuguese follow with a little less than 17 per cent; the Hawaiians come 
next with 14 per cent; Part-Hawaiians comprise 14 per cent; Chinese, 11 
per cent; and all other nations or races, 12 per cent. 

Governor Frear gives other interesting information about Hawaii's 
schools. He shows how, after the establishment of the Territorial Govern- 
ment in 1900, the public schools fared worse and worse until 1907, when, 
with increasing prosperity for the islands, more amp!e provision was 
made for education. Finally, in 1911, a new method of financing the 
schools was adopted, under which there has been a decided gain in the 
number of teachers, in salaries, and in general efficiency. 

Industrial schools that are partially self-supporting are a feature of the 
Hawaiian school system. There are three such schools, and in addition, 
the Normal School, the College of Agriculture and Mechanic Arts, two 
high schools, and 151 schools of elementary grade. A number of the 
schools maintain city or country governments conducted by the pupils for 
practice in citizenship, and patriotic exercises are emphasized in all the 
schools, ’ 

There are now nearly 30,000 children in the Hawaiian schools, about 
twice as many as there were at the time the Territorial Government was 
established, twelve years ago. The territory last year spent $582,536 for 
education, and the counties themselves $47,799 additional. These figures 
are exclusive of expenditures for the College of Hawaii, which now oc- 
cupies a permanent site in the suburbs of Honolulu and has graduated its 
first class, 

The Hawaiian schools are up to the American practice in length of 
term; their school year is 38 weeks. Attendance is compulsory from 
six to seventeen years of age, the maximum age having been raised from 
fifteen a year ago. Good attendance records are the rule; the average last 
year was 86 per cent of the enrollment. In this and other respects the 
schools of Hawaii compare favorably with the best in the United States. 
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AN EXPERIMENT IN SCIENCE TEACHING. 


sy Floyp L. Darrow, 
Polytechnic Preparatory School, Brooklyn, N. Y. 


All teachers of science may be assumed to have at least some 
problems in common. While these problems will present varying 
degrees of difficulty to different teachers and will not apply with 
equal force to all science subjects, yet there is one which several 
years of experience in public and private schools, both East and 
West, leads me to believe is a paramount problem in practically 
every school. Although variously designated as lack of interest, 
the difficulty of getting pupils to work, indifference to scholar- 
ship, etc., it resolves itself into the problem of teaching pupils 
how to study. 

Poor recitations are due not so much to the lack of time and 
effort in the preparation of lessons as to the fact that the pupil 
does not know how to study. Often even more time is devoted 
to preparation than ought to be necessary, and too, with very 
unsatisfactory results, simply because the pupil has no working 
knowledge of correct methods of study. In questioning a boy 
recently as to his method of attacking a lesson he replied: “I 
read the lesson over. “And what then?” “I read it over again.” 
“And then?” “I read it over again.” Upon being asked his 
purpose in this, he replied that it was with the hope that some 
of the facts might “stick” until after recitation. Whether teach- 
ers realize it or not, very much of the poor class room work 
must be attributed to just this sort of study. Although every 
pupil who reaches the senior grade of the high school should 
possess the power to analyze a paragraph and learn the import- 
ant facts contained in it, yet it is undeniable that a large per- 
centage of high school pupils are unable to do this. Since edu- 
cation has for its object training for power—power to tackle 
problems and solve them—unquestionably all grade and high 
school teachers should realize much more keenly this fundamen- 
tal problem of teaching pupils how to work. 

My subject is chemistry and when a boy enters my class in 
his junior or senior year without the ability to master a lesson 
in a reasonable length of time, I cannot devote all my effort to 
giving him the training which he should have received earlier in 
his school career. But since I am responsible for his success 
or failure in State and College Board examinations, neither can 
I allow him to drift on with his faulty habits of study. Of 
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course, I fully realize that science subjects through laboratory 
work and class demonstrations afford a basis for questioning and 
first hand information not possessed by many other subjects. 
However, there is a large body of facts that must be acquire’l 
by reading and definitely assigned lessons from some standard 
text. In this work it has been my experience that a pupil will 
come to class with abundant evidence of having “spent time” 
on the lesson but with no satisfactory digest of its significant 
facts. He has spent as much time on the unimportant details 
as he has on the fundamental parts of the lesson. He lacks the 
power to sift out and assimilate the vital parts. With more 
time allotted to science subjects so that their facts might be pre- 
sented largely by first hand laboratory work and class demon- 
strations followed by thorough class discussion, the problem 
would be somewhat simplified. But even then we could not 
eliminate the necessity of assigned lessons, for it is manifestly 
impossible to teach all the necessary facts, the theory and prac- 
tical applications of the subject in the foregoing way. 

In my efforts to solve this problem of teaching pupils how to 
study no other plan, that I have ever tried, has succeeded so well 
as the one which I am following this year. I give to each pupil 
a mimeographed copy of questions on the lesson assigned for 
the following day in which I make very definite what he is to 
learn. I emphasize the important things and pass lightly over 
those of less weight. The method enables me to bring out the 
lesson in its proper perspective. It analyzes the lesson for the 
pupil‘and shows him just exactly what is expected of him. The 
questions are such that the pupil must read the text and reference 
books thoroughly and many of them call for discussion 
and not a mere memorizing of facts: In this way I am 
able to cover the work more quickly and effectively, for 
the energy spent both in class and out of class is directed toward 
definite ends. The pupil finds the preparation of his lesson an 
easier and more logical matter. He begins to know what is 
important and what is unimportant in the subject matter of 
the text. He is gaining the power to analyze for himself. On 
sach sheet of questions I usually give several in review and these 
together with the frequent use of the original questions for review 
purposes keep the early parts of the subject fresh in mind. By 
making the questions cover laboratory work and class demon- 
strations as well as the text the whole range of work is covered 
in a very effective way. Since the adoption of the plan, the 
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quality of class recitations has improved very markedly. The 
members of my classes are unanimous in their approval of the 
method—not only because it simplifies the preparation of their 
lessons but because they feel that they are getting the subject 
much more thoroughly. 

Of course this plan is open to objections. It may be urged 
that to analyze the pupil’s lesson for him is to perform a most 
important part of his task and thus rob him of the power to 
be derived from doing it himself. This may be true, but if the 
pupil is utterly unable to perform this part of his task there can 
certainly be no harm in doing it for him in such a manner as 
to teach him eventually how to do it for himself. Very fre- 
quently teachers assume that pupils should know instinctively 
what are the important points in a lesson when they really have 
no basis for determining them. Pupils in taking up a new sub- 
ject must have some direction in the preparation of lessons and 
I believe that the method described gives this guidance effec- 
tively and with the greatest economy of time and effort. The 
continued use of this method does noi, as some may suppose, 
make the pupil dependent upon it, but rather teaches him to 
tackle a lesson and master it with a minimum expenditure of 
time and energy. By occasional assignments of lessons without 
questions his power in this direction may be tested and trained. 
Neither does the assignment of definite questions restrict or ham- 
per the freedom of class recitations. The instructor may use 
the substance of these questions as the basis of the class work 
but it is unnecessary to put the questions in the exact form and 
order in which they appear on the question sheet. If the pupil 
has properly prepared his lesson he will be able to answer any 
reasonable question put to him. But, perhaps, the greatest ob- 
stacle to the use of this plan is the large amount of work which 
it necessitates for the teacher in the preparation of questions. 
For my own use, however, I am preparing a small book of ques- 
tions and problems following by lessons the text which 
I use and including several sets each of state, college board and 
college entrance examinations. This I shall have printed and 
shall sell to the members of my classes at a price sufficient to 
pay for the cost of printing. 

The object of this method is to develop greater power on the 
part of the pupil, to eliminate waste energy and to secure better 
results because of well directed effort. But related to this 
problem of developing correct habits of study is the vital one of 
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interest without which any method however good in itself, will 
be of little avail. Were it not beyond the scope of this paper, I 
should be glad to discuss some of the means employed to make 
the pupil feel that the subject of chemistry touches life at in- 
numerable points and to arouse his active interest in it. I will 
therefore merely mention several, as an active science club, 
demonstrations with such striking things as liquid air, thermit 
welding, oxyhydrogen blowpipe and electric furnace, laying em- 
phasis upon industrial chemistry, visiting industrial plants, getting 
pupils to do extra work in the laboratory as setting up apparatus 
to demonstrate to the rest of the class some process, preparing 
salts and simple organic compounds, making alloys, doing work in 
simple analysis. 

That the reader may gain a better idea of the sort of ques- 
tions asked on these question sheets I will append a few on 
the subject of hard and soft water. 


1. What was the original significance of the terms “hard” and “soft” 
as applied to water? Their present chemical significance? 

2. Name two kinds of water that will be soft and two that are apt 
to be hard. What is the essential difference between these two classes 
of water? 

3. Name the two kinds of hardness with the reasons for thus designat- 
ing them. 

4. To what compound present in water is temporary hardness due? 
Account for the presence of this compound in natural waters. 

5. Describe two methods for the removal of temporary hardness. In 
each case write the reactions. What ion has been removed from solu- 
tion by both of these processes? Since the water has been softened, to 
what then must its hardness have been due? 

6. To what compounds present in water is permanent hardness due? 
Account for the presence of these compounds in water. 

7. Why cannot permanent hardness be removed by the same methods 
as those employed for temporary hardness? Describe a method for its 
removal. Write the reactions. What ions have been removed from solu- 
tion by this process. To what then must the hardness have been due? 

8. What is the real cause of either kind of hardness? 

9. What is the chemical nature of soap? What is the effect of hard 
water on soap solution? What is formed by their interaction? What is 
the effect of soft water on soap? 

10. How could you determine whether a sample of water is hard or 
soft? temporarily or permanently hard? Possesses both kinds of hard- 
ness? How could you determine the degree of hardness? 

11. Name several industries that require soft water. 

12. Design a plant for the removal of both kinds of hardness where 
large quantities of water must be softened. 

13. What is used for softening water in the household? 


Such a set of questions I let precede the class work on the 
subject and then accompany the class discussion with demon- 
strations. This is followed by individual laboratory work. I 
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believe that questions of this nature open the pupil’s mind to 
ideas that would entirely escape him were he simply assigned 
so many pages of the text and left to himself. The method has 
brought real results in my own teaching and may be suggestive 
to others. 


HIGH SCHOOL AND COLLEGE, 


“Unless the American high school and the American college are ad- 
justed, we have no real educational system,’ says Clarence D. Kingsley, 
in a bulletin on college-entrance requirements just issued by the United 
States Bureau of Education. In these words he sums up the current de- 
mand that the colleges of the country shall give the high schools more 
freedom in their work by ceasing to insist upon requirements for en- 
trance that hamper the school in its duty to the community. He insists 
that the colleges recognize the changing demands in the high school and 
base their requirements accordingly. He objects alike to the “easy” col- 
lege that admits students obviously unprepared and the institution whose 
demands are so stringent that none of the public high schools can reason- 
ably meet them. 

Notwithstanding recent changes in the direction of uniformity, great 
variety in requirements is,still found. English is about the only regularly 
required subject. Curious contradictions appear in the several hundred 
institutions examined. Certain subjects are considered so important by 
some colleges that they require them, while other colleges will not even 
accept them. Thus, for admission to the A. B. course there are four 
colleges that give no credit for science, and four that give credit for only 
half a year of it, while, on the other hand, 91 colleges prescribe one full 
year of science. “Such contradictions as these,” says Mr. Kingsley, “burden 
the high school, provincialize college student bodies, and discredit fine dis- 
criminations between subjects.” Again, some colleges rigidly enforce the 
statements printed in the catalogue, while others leave much discretionary 
power to the officer in charge of admission. 

Some real improvements in the relation of high school and college are 
noted, however, showing that these two impoftant agencies in education 
are more willing to help each other than they have been in the past. Many 
colleges now accept various practical subjects for admission. Of the 203 
colleges of liberal arts examined, 97 recognized shopwork, 88 commercial 
branches, 80 agriculture, and 79 “household science” as subjects of ad- 
mission. There is a large and growing list of colleges that will accept 
for entrance any subject that an approved high school counts toward 
graduation. 

That admission to college should be based solely on the completion of 
a well-planned high school course; that the high school should be given 
free play, so that it may adapt its work to the needs of the community; 
and that the colleges must keep the door open to the youthful seeker 
after a college education who is animated by a strong inner purpose in 
the face of obstacles regardless of whether he has fulfilled the old- 
fashioned formal requirement or not; these are some of the conclusions 
drawn by Mr. Kingsley as to the mutual duty of school and college. 
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COLLATERAL READING FOR HIGH SCHOOL BIOLOGY. 


By T. W. GALLoway, 


James Millikin University, Decatur, 1Il. 


Introduction. In the meeting of 1912, the Biology Section of 
the High School Conference at Urbana agreed to take steps 
toward the selection of a list of the most satisfactory books to 
serve as collateral and reference reading for pupils in High 
School Biology. As a first step it was felt that a series of experi- 
ments should be undertaken, by actual teachers of High School 
or Preparatory Biology, in which an effort would be made to 
get the actual preferences of the pupils. The wish is to supple- 
ment the judgment of teachers themselves, in this respect, by 
whatever data may be obtained as to what has seemed to the 
pupils most helpful. Mr. G. J. Koons of Murphysboro, a mem- 
ber of the executive committee of the section, has been asked to 
secure the cooperation of teachers in making these experiments, 
and he will be glad to confer with any teachers who are willing 
to take part in them. 

The present study was not begun until after the meeting of 
1912. It is reported at this time merely with the hope that it 
may stimulate other tests during the present school year. The 
statement of it may aid some other teacher to improve the con- 
dition under which the test shall be given, and the methods of 
conducting it. 

The Method of the Experiment. At the outset it became mani- 
fest that it would be necessary to motivate this reading in such 
a way as to get essentially all the members of the class interested 
in it so that they would read enough really to have a judgment 
on the subject; and, secondly, to waive the required readings 
usually planned for the course in order to leave the pupil’s mind 
free and unbiased for his own enterprise. 

In motivating the work the instructor made a brief talk, ex- 
plaining the general purpose of the investigation and the worth- 
whileness of doing anything that would help make schools more 
effective. Attention was called to the personal growth that 
would come to them from doing the necessary work in a sincere 
and thorough way. A definite remission of certain required 
work late in the year was promised for those whose work was 
thus done. 

The amount of actual outside reading was agreed upon as 
“not less than an average of one hour a week,’ from December 
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1st to June 1st. This, to be sure, is not enough time to insure an 
expert judgment, but it is scarcely possible to ask for more. 

The following steps were-outlined in order to give the stu- 
dent a somewhat catholic view of the subject, and to help insure 
that accident or first impressions should not have too big a place 
in determining the books chosen for reading. 

1. Each student was required to prepare at the outset a list 
of not less than twenty biological topics at that time most appeal- 
ing to him as interesting and important. This was prepared and 
handed in the first week of the test. These lists were scrutinized 
with some care, and were read in class with brief comments. 
In order that peculiarly one-sided lists might be rounded out, 
each student was asked to enlarge his list in the light of these 
various exercises. 

2. Each student was asked to look over the titles, and to 
handle all the biologica? books (zodlogical, botanical, physiologi- 
cal, etc., were specified in the instructions) in the three libraries 
available: Millikin University; Carnegie Library of Decatur; 
and the instructor’s private library. 

3. The student was asked to furnish a list of the books really 
examined by him fully enough for him to get a fair idea of them 
as furnishing a basis for his final selection. It was suggested 
that this first list should have at least three or four times as 
many books in it as the final list to be handed in as the choice of 
the student. 

1. From these preliminary lists the student was, by reading 
and selection, to prepare a list of ten books which for any reason 
seemed most worth-while to him, and most likely to prove help- 
ful as supplementary reading for students of elementary biology. 
These books were to be listed in the order of their excellence, 
and with each was to be a brief statement of that which com- 
mended it particularly to the student. 

The exercise consisted essentially in eliminating from some 
300 or 400 books that might fairly be conceived as available and 
possessed of some elements of suitability, until a list of 30 or 
10 was left; and then eliminating all but 10 of these. It is very 
evident that the final list in any such experiment depends very 
much on the number, character, and variety of books to which 
the student is exposed at the outset. It is also certain that the 
attractiveness of the title, the illustrations, and other easily ap- 
preciated elements would enter largely into the first or longer 
lists. 
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Range of Books from Which Selections Were Made. A list of 
something more than 100 books is given here, made up from 
the longer lists presented by the students. This will give some 
idea of the range of the books which were really seriously used 
in making the lists of 10. It includes all the books suggested by 
anybody among the first 10, and those that were enumerated as 
often as three times in the longer list, even though they might 
not be found in any final list. The order in which they appear 
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Plant Life. Barnes. 

Flowers of Field, Hill, and Swamp. Creery. 
Frail Children of the Air. Scudder. 

Wasps, Social and Solitary. Peckham. 
Jellyfish, Starfish and Sea Urchin. Romanes. 
Nature’s Craftsmen. McCook. 

Recreations in Botany. Creery. 

Our Insect Friends and Foes. Cragin. 

Familiar Flowers of Field and Garden. Mathews. 
How to Knew the Wild Flowers. Dana. 
Flowers and Ferns in their Haunts. Wright. 
Tenants of an Old Farm. 

Honey Makers. Morley. 

Mosquitoes. Howard. 

The Individual. Shaler. 

Elements of Zodlogy. Holder. 

Animal Locomotion. Pettigrew. 

Effects of Use and Disuse. Ball. 

Plants. Coulter. 

Animals: Jordan. 

Locusts and Wild Honey. Burroughs. 

Moths of the Limberlost. Porter. 

Bird Homes. Dugmore. 

Water Babies. Kingsley. 

Fisherman’s Luck. Van Dyke. 

Manners and Movements of Prehistoric People. 
Elementary Botany. Atkinson. 

Insect Pests of Farm, Garden, and Orchard. Sanderson. 
Heredity and Christian Problems. Bradford. 

On the Senses, Instincts and Intelligence of Animals. Avebury. 
New Creations in Plant Life. Harwood. 

Birds in Their Relation to Man. Weed. 

Animal Mind. Washburn. 

Heredity and Eugenics. Coulter, Castle, etc. 
Comparative Anatomy of Vertebrates. Kingsley. 
Animals and Man. Kellogg. 

Introduction to Zodlogy. Davenport. 

Biology and its Makers. Locy. 

Manual for Study of Insects. Comstock. 
Development and Evolution. Baldwin. 
Elementary Entomology. Sanderson. 

Sleep. M. de Manacéine. 

Text Book of Zodélogy. Parker and Haswell. 
Elementary Physiology. Huxley. 
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General Principles of Zoédlogy. Hertwig. 
Romance of the Insect World. Badenoch. 
Insect Life. Comstock. 

Our Household Pests. Butler. 

Study of Animal Life. Thompson, 
Principles of Agriculture. Bailey. 
Diseases of Plants. Ward. 

Animal Coloration. Beddard. 

Care of Trees. Fernow. 

Entomology. Folsom. 

Living Lights. Holder. 

Play of Animals. Gross. 

Habit and Instinct. Morgan. 

Heredity in Relation to Eugencies. Davenport. 
Genetics. Walter. 

Biology, General and Medical. McFarland 
College Botany. Atkinson. 

Nature Study and Life. Hodge. 
Introduction to Zodlogy. Schmeil. 
Bacteria, Yeasts, Molds in the Home. Conn. 
Comparative Zodlogy. Orton. 

Evolution and its Relation to Religious Thought. LeConte. 
Degeneracy. Talbot. 

Lessons in Botany. Gray. 

American Weeds and Useful Plants. Darlington. 
Zoélogy. Shipley and McBride. 
Anthropoid Apes. Hartman. 
Insectivorous Plants. Darwin. 

Dawn of Reason. Weir. 

Animals of the Past. Lucas. 

Man and his Ancestors. Morris. 

With the Wild Flowers. Harding. 

Animal Life and Intelligence. Morgan. 
Wonders of the Bird World. Sharpe. 
Birds that Hunt and Are Hunted. Blanchan. 
Principles of Economic Zodlogy. Dougherty. 
Colors of Animals. Poulton. 

Common Spiders. Emerton. 

Insects Injurious to Fruit, Saunders. 
Wonders of Insect Life. Willet. 

Instinct and Health. Woods-Hutchinson. 
In Nature’s Workshop. Allen. 

Food and its Functions, Knight. 
Whales. Beddard. 

Personal Hygiene. Bosquet. 

Medical Inspection in Schools. Gulick. 
Home Life of Wild Birds. Herrick. 
Housefly. Howard. 

Life of the Bee. Maeterlinck. 

Principles of Sanitary Science. Sedgwick. 
Methods of Attracting Birds. Trafton. 
Human Ear. Ellis. 

Wonders of Life. Haeckel. 

Biology of the Frog. Holmes. 

Formation of Vegetable Molds. Darwin. 
Tsland Life. Wallace. 
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101- Diseases of Economic Plants. Stevens-Hall. 

102. Guide to Butterflies. Scudder. ~ 

103. Marvels of Animal Life. Holder. 

104. Renewal of Life. Morley. 

105. Text Book of Plant Physiology. MacDougal. 

106. Along Four Footed Trails. Cook. 

107. Life and Love. Morley. 

108. Types of Animal Life. Mivart. 

109. Home Life of Wild Birds. Herrick. 

110. Our Trees and How to Know Them. Emerson-Weed. 

111. Shells of Sand and Water. Baker. 

112. Comparative Physiology and Morphology of Animals. 
LeConte. 

113. Household Bacteriology. Buchanan. 

114. Botany all the Year Round. Andrews. 

115. Principles of Animal Histology. Dahlgren. 

116. Lure of the Garden. Hawthorne. 

117. Foundations of Zodlogy. Brooks. 

118. Sharp Eyes. Gibson. 

119. Eye-Spy. Gibson. 

120. Little Brothers of the Air. Miller. 

121. My Studio Neighbors. Gibson. 

122. Beasts of the Field. Long. 

123. First Steps in Human Progress. Starr. 

124. Primer of Darwinism. Bergen. 

The Lists of Ten Books. The following list gives the titles 
that received as many as two votes in the lists of ten. The books 
are enumerated in the order of their popularity. The number in 
brackets is the number of votes received. There were 18 stu- 
dents who completed reports. .Ten of these were college stu- 
dents; eight, preparatory. In the case of the college students 
I requested that they give me a separate list of those books they 
thought would prove most helpful to high school pupils, in case 
they felt that their own favorites did not constitute such a list. 
It is interesting that such students almost invariably selected 
more elementary books for the sub-freshmen users than did the 
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sub-freshmen themselves. 


1. Biology and Its Makers. Locy. (9) 
2. Plants. Coulter. (8) 

3. The Housefly. Howard. (7) - 
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Nature’s Craftsmen. McCook. (6) 
5. Bird Homes. Dugmore. (6) 
6. Insect Pests of Farm, Garden, etc. Sanderson. (6) 
7. Romance of Insect World. Badenoch. (5) 
8. Moths of the Limberlost. (5) 
9. Plant Life. Barnes. (4) 
10. New Creations in Plant Life. Harwood. (4) 
11. Dawn of Reason. Weir. (4) 
12. Insect Friends and Foes. Cragin. (3) 
13. Animals and Man. Kellogg. (3) 
14. Wonders of the Bird World. Sharpe. (3) 
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15. Animals of the Past. Lucas. (3) 
16. Care of Trees. Fernow. (3) 
17. Heredity and Eugenics. Coulter, Castle, etc. (3) 


18. Our Trees and How to Know Them. (3) 

19. Botany for Schools. Atkinson. (2) 

20. Wasps, Social and Solitary. (2) 

21. Text Book of Zoology. Parker and Haswell. (2) 


02 + 


Entomology. Folsom. (2) 

Wasps and Their Ways. (2) 

Study of Animal Life. Thompson. (2) 

Diseases of Economic Plants. Stevens-Hale. (2) 
Principles of Economic Zodlogy. Dougherty. (2) 
Colors of Animals. Poulton. (2) 
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As might have been anticipated, the first 10 books in this 
synthetic group do not make a balanced list. It would not accord 
with the choice of any student. Each student seemed to make 
an effort to have the reading cover a fairly wide field. Usually 
there was in each list some sort of a book (often two) on 
insects, another on birds, two or more on some of the popular 
literary nature studies, one an attractive elementary text of 
botany or zodlogy or biology, a book on identification of trees 
or wild flowers, one or more “wonder” books, a book dealing 
with some special consideration such as coloration, degeneracy, 
heredity, evolution, eugenics, and the like. The individual lists 
were intelligently made—many of them were very good. The 
accompanying lists will serve as examples. The first is a little 
overloaded with elementary texts of botany and zodlogy, but the 
selections are good. 

Plants. Coulter. 

Animals and Man. Kellogg. 
Physiology and Hygiene. Walters. 
Animals, Jordan, Kellogg, etc. 

Plant Life. Barnes. 

Housefly. Howard. 

Comparative Zodlogy. Orton. 
Biology and Its Makers. Locy. 
New Creations in Plant Life. Harwood. 
. Our Native Trees. Keeler. 
nother : 


a 
POS MANAAs wh 


4 


Nature’s Craftsmen. 

Dawn of Reason. 

Animals of the Past. 

Wasps, Social and Solitary. 

Insect Pests of Farm, Garden, and Orchard. 
6. Man and His Ancestors. 

7. With the Wild Flowers. 

8. In Nature’s Workshop. 

9. Animal Life and Intelligence. 

10. Wonders of the Bird World. 


m wi 


>] 
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In this study the emphasis was put on reading and readable 
books, rather than on reference books. There was no effort 
made to eliminate reference books, and some students, impressed 
with their value, included such. This is one shortcoming of the 
test. Both classes of books should be included, and they should 
be distinguished. Furthermore, no effort was made to distin- 
guish sharply among the various elements that might make a book 


worth placing on the lists. Such terms as “useful,” “valuable,” 


“interesting,” “helpful,” “informing,” were freely and more or 
less interchangeably used. It is undoubtedly true that various 
pupils put their emphasis upon somewhat different elements of 
value. This, in part, accounts for the wide diversity in the lists. 
The composite list, however, of a larger number of pupils would 


tend to correct this and to unify the emphases. While I think 
the fusion of these elements is desirable in forming a list of 


books, it is possible that tests in which emphasis is separately 
put on the interesting, and useful, and informing qualities might 
be worth while. 


A SCHOOL FOR THE DISCONTENTED. 


There is a school for discontented school children in Kansas City, 
Missouri, according to information received at the United States Bureau 
of Education. The “Lathrop Industrial School” has been organized for 
the purpose of educating. children over 14 years of age who have reached 
the fifth grade and find the work of the regular school distasteful. 

The schoo! proceeds on the theory that in many cases the distaste of 
these children for school is due to the fact that the ordinary studies are 
not adapted for their particular needs. Such pupils frequently appear 
“hackward’ or lazy, when in reality all they need is a different form of 
educational activity. Accordingly, Lathrop school gives them what is 
known as “prevocational” training. Courses in bench woodworking, shop 
drawing, pattern making, printing, carpentry. and shop electricity are 
provided for the boys: cooking, sewing, millinery. and embroidery for the 
girls. Classes in plumbing, bricklaying, and concrete work will be formed 
as soon as the demand warrants. 

The acadamic branches are also taught in this continuation school, but 
they are taught in close relation to the industrial subjects. Arithmetic 
concerns the problems of the shop. English consists of practical instruc- 
tion in necessary business forms; no attempt is made to teach technical 
grammar. Geography and history are taught from the commercial stand- 
point: and local government is an important subject. 

The course is three vears. During the first two vears the teacher directs 
the choice of the pupils: but for the last vear each boy is al'owed to select 
his work in the trade he wishes to learn. Time is about equally divided be- 
tween industrial and academic branches. 


~ 
_ 


MATHEMATICS PUBLICATIONS 


LIST OF PUBLICATIONS OF THE CENTRAL COMMITTEE 
AND THE NATIONAL SUB-COMMISSIONS.’ 


PUBLICATIONS OF CENTRAL COMMITTEE. 


Publications of the Central Committee, 1st series; 1908-1911, edited by 
H. Fehr, General Secretary of the Commission. 1 vol. 200 p. 5. fr. 

1. Rapport préliminaire sur Torganisation de la Commission et le plan 
général de ses travaux (Ens. math., n° de nov. 1908). [16 p.] 

2. Circulaire n° 1: Constitution de la Commission.—Sous-commissions 
nationales (FE. M., n° de mai 1909). [12 p.]. 

3. Circulaire n° 2: Nouveaux membres.—Sous-commissions nationales. 
—Etat des travaux au commencement de 1910 (E. M., mars 1910). [16 p.]. 

4. Circulaire n° 3: Réunion de Bruxelles. Compte rendu des séances de 
la Commission et des conférences sur Tenseignement scientifique et sur 
lenseignement technique moyens faites a Bruxelles du 10 au 16 aoit. 
Conférence de M. C. Bourret sur la pénétration réciproque des mathé- 
matiques pures et des mathématiques appliquées dans Tenseignement 
secondaire (E. M., n° de sept. 1910). [63 p.]. 

5. Circulaire n° 4: Etat des travaux au 1¢* mars 1911 (FE. M., mars 
1911). [16 p.J. 

6. Circulaire n° 5: Compte rendu du Congrés tenu a Milan du 18-21 
septembre 1911 (EF. M., n° de nov. 1911). [75 p.]: 

Rapport de la Sous-commission A: 1. la question de la rigueur dans 
Tenseignement moyen; 2. la fusion des différentes branches mathématiques. 
—Annexe: Note'de M. Younc (Chicago). 

Rapport de la Sous-commission B: Tenseignement mathématique 
destiné aux étudiants en sciences physiques, en sciences naturelles, etc. 

Sullinsegnamento matematico nelle scuole per gli ingegneri. Par le Prof. 
CoLoMBo. 

Mathématigues et Théorie de la connaissance. Par le Prof. F. Enriques. 


GERMANY. 
A. Berichte und Mitteilungen 
veranlasst durch die Internationale Mathematische Unterrichts-Kom- 
mission. Herausgegeben von W. LirtzMANN. In zwanglosen Heften. gr. 
8. Steif geh. (B. G. Teubner, Leipzig). 

I. Fenr, H., Vorbericht tiber Organisation und Arbeitsplan der Kommis- 
sion. Deutsche Uebersetzung von W. Lietzmany. [S. 1-10.] 1909. M.—30. 

II. Noonrt, G., iiber die Stellung der Mathematik im Lehrplan der héhe- 
ren Madchenschule vor und nach der Neuordnung des hédheren Madchen- 
schulwesens in Preussen. [S. 11-32.) 1909. M.—.80. 

III. Kier, F., und H. Fenr, erstes Rundschreiben des Hauptaus- 
schusses. Deutsch bearbeitet von W. Lretzmann. [S. 33-38.] 1909. M.—20. 

IV. Kuen, F., und H. Fenr, zweites Rundschreiben des Hauptaus- 
schusses. Deutsch barbeitet von W. LietzMANN, sowie P. ZUHLKE, 
Mathematiker und Zeichenlehrer im  Linearzeichenunterricht der 
preussischen Realanstalten. [S. 39-54.] 1910. M.—.50. 

V. Lretzmann, W., die Versammlung in Briissel. Nach dem von H. 
Feuer verfassten dritten Rundschreiben des Hauptausschusses. [S. 55-74.] 
1911. M.—.60. 

VI. Fenr, H., Viertes Rundschreiben des Hauptausschusses. Deutsch 
bearbeitet von W. Lirtzmann. [S. 75-88.] 1911. M.—.50. 

VII. Lierzmann, W., Der Kongress in Mailand vom 18. bis 20 Sept. 
1911, sowie ScuHimmack, R., Ueber die Verschmelzung verschiedener 
Zweige des mathematischen Unterrichts. [S. 89-126.] 1912. M. 1.60. 

* These reports may be obtained from Librairie Georg and Cie Geneva, 
Switzerland. 
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B. Abhandlungen 


iiber den mathematischen Unterricht in Deutschland, veranlasst durch die 
Internationale Mathematische Unterrichts-Kommission. Herausgegeben 
von F. Kiein.—5 Bande, in einzeln kauflichen Heften. gr. 8. Steif geh 
(B. G. Teubner, Leipzig). 

ERSTER BAND—Die héGheren Schulen in Norddeutschland. Mit 
einem Ejinfiihrungswort von F. Kien 

1. Heft: LierzmMann, W., Stoff und Methode im mathematischen Un 
terricht der norddeutschen hdheren Schulen auf Grund der vorhandenen 
Lehrbiicher. [XIT u. 102 S.] 1909. M. 2 

2. Heft: LirtzMann, W., Die Organisation des mathematischen Unter 
richts an den hdéheren Knabenschulen in Preussen. Mit 18 Figuren. [VIII 
u. 204 S.] 1910. M. 5.— 

3. Heft: Lorry, W., Staatspriifung und praktische Ausbildung der Ma 
thematiker an den héheren Schulen in Preussen und einigen norddeutschen 
Staaten. [V. u. 118 S.] 1911. M. 3.20 

4. Heft: THarer. A., N. GeutHer und A. Bottcer, Der mathematische 
Unterricht an den Gymnasien und Realanstalten der Hansestadte, Mecklen 
burgs und O'denburgs. [VI u. 93 S.] 1911. M. 2.— 

5. Heft: Scuriper, J., Die neuzeitliche Entwicklung des mathematis 
chen Unterrichts and den héheren Madchenschulen, insbes. in Norddeutsch 
land. (Unter des Presse.) 

ZWEITER BAND—Die héheren Schulen in Siid- und Mitteldeutsch- 
land. Mit einem Einfithrungswort von P. TreuTLEeINn 

1. Heft: Wreretrner, H., Der mathematische Unterricht an den 
hdheren Lehranstalten sowie die Ausbildung und Fortbildung der Lehr- 
krafte im Konigreich Bayern. Mit einem Einfiihrungswort von P. Trev1 
LEIN. [XII u. 85 S.] 1910 M. 2.40 
2. Heft: Witttnc, A., Der mathematische Unterricht an den Gymnasien 
und Realanstalten nach Organisation, Lehrstoff und Lehrverfahren und 
die Ausbildung der Lehramtskandidaten im K6nigreich Sachsen. [XII u 
78 S.] 1910.:M. 2.20. 

3. Heft: Gecx, E., Der mathematische Unterricht an den hdheren 
Schulen nach Organisation, Lehrstoff und Lehrverfahren und die Ausbil 
dung der Lehramtskandidaten im K6nigreich Wiirttemberg. [IV u. 104. S.] 
1910. M. 2.60 

4. Heft: Cramer, H., Der mathematische Unterricht an den hédheren 
Schulen nach Organisation, Lehrstoff und Lehrverfahren und die Ausbil- 
dung der Lehramtskandidaten im Grossherzogtum Baden. [IV u. 48 S.] 
1910. M. 1.60. 

5. Heft: Scunett, H, Der mathematische Unterricht an den hodh 
Schulen nach Organisation, Lehrstoff und Lehrverfahren und die Aus- 
bildung der Lehramtskandidaten im Grossherzogtum Hessen. [VI u. 51 
S.] 1910. M. 1.60. 

6. Heft: Hossreip, Der mathematische Unterricht an den Gymnasien 
und Realanstalten Thiiringens nach Organisation, Lehrstoff und Lehrver- 
fahren. [ca 20 S.] 1912. M. 0.80 

7. Heft: Wrrz, J., Der’  mathematische Unterricht an den hdheren 
Knabenschulen sowie die Ausbildung der Lehramtskandidaten in Elsass- 
Lothringen. [VI u. 58 S.] 1911. M. 1.80 

DRITTER BAND—Finzelfragen des héheren mathematischen Un- 
terrichts. Mit einem Ejinfiihrungswort von F. Kier. 

1. Heft: Scutmmack, R., Die Entwicklung der mathematischen Un- 
terrichts-reform in Deutschland. Mit einem Einfiithrungswort von F 


Kren. [VI u. 146 S.] 1911, M. 3.60. 
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2. Heft: Timerpinc, H. E., Die Mathematik in den physikalischen 
Lehrbiichern. Mit 22 Figuren. [VI u. 112 S.] 1910. M. 2.80. 

3. Heft: ZUn ike, P., Der Unterricht im Linearzeichnen und in der 
darstellenden Geometrie an den deutschen Realanstalten. Mit 14 Figuren. 
[IV u. 92 S.] 1911. M. 2.60. 

1. Heft: Horrmann, B., Mathematische Himmelskunde und niedere 
Geodiasie an den hdheren Schulen. Mit 9 Figuren. [VI u. 68 S.] 1912 
M, 2.—. 

5. Heft: Trmerpine, H. E., Die kaufmannischen Aufgaben im mathema- 
tischen Unterricht der héheren Schulen. Mit 5 Figuren im Text. [IV u. 
45 S.] 1911. M. 1.60. 

6. Heft: Gepuarpt, M., Die Geschichte der Mathematik im mathemati- 
schen Unterrichte der hdheren Schulen Deutschlands, dargestellt vo 
allem auf Grund alter und neuer Lehrbiicher und der Progammabhane 
lungen hodherer Schulen. [ca 160 S.] 1912. 

7. Heft: Wernicke, A., Mathematik und Philosophische Propadeutik. 
[VII u. 137 S.] 1912 

8. Heft: Lorey, W., Das Studium der Mathematik an den deutschen 
Universitaten seit 1870. (In Vorbereitung. ) 

9. Heft: H&ckner, Die Mathematik in der Lebensversicherung. (In 
Vorbereitung. ) 

VIERTER BAND—Die Mathematik an den technischen Schulen. Mit 
einem Einfuhrungswort von P. STACKEL, 

1. Heft: GrUnspaum, H., Der mathematische Unterricht an den mitt- 
leren technischen Fachschulen der Maschinenindustrie. Mit einem Ein 
fihrungswort von P. StAcke. [XII u. 99 S.] 1910. M. 2.60 

2. Heft: Ort, Karl, Die angewandte Mathematik an den technischen 
Mittelschulen der Maschinenindustrie. (Unter der Presse.) 

3. Heft: Grrnpt, M., Der mathematische Unterricht an den Bauge 
werkschulen. (In Vorbereitung. ) 

4. Heft: Scuitiine, C., und Metpau, H., Der mathematische Unterricht 
an den deutschen Navigationsschulen. [ VI. u. 82 S.] 1912. M. 2 
5. Heft: Trost, Die mathematischen Facher an den gewerblichen Fort 
bildungsschulen. (In Vorbereitung 

6. Heft: Pennporr, B., Rechnen und Mathematik im Unterricht der 
kaufmannischen Lehranstalten. [VI u. 100 S.] 1912. M. 3 

7. Heft: JaAnnxke, E., Die Mathematik an Hochschulen fiir besonder: 
Fachgebiete. [VI. u. 55 S.] 1911. M. 1.80 

8. Heft: FurtTwAncter, Ph., Die mathematische Ausbildung der Land 
messer. (In Vorbereitung 

9. Heft: StAckeL, P., Die mathematische Ausbildung der Architekten, 
Chemiker und Ingerieure an den deutschen Hochschulen. (In Vorbe- 
reitung. ) 

FUNFTER BAND—Der mathematische Elementarunterricht und die 
Mathematik an den Lehrerbildungsanstalten. Mit einem Einfiihrungs- 
wort von F. Kien. 

1. Heft: LretzMann, W., Stoff und Methode des Rechenunterrichts in 
Deutschland. Ein Literaturbericht. Mit 20 Figuren im Text. Mit einem 
Einfurhrungswort von F. Kiem. [VII u. 125 s.] 1912. M. 3 

2. eft: LierzMann, W., Stoff und Methode des Raumlehreunterrichts 
in Deutschland. Ein Literaturbericht. Mit 38 Figuren im Text. [VI u. 86 
S.] 1912. M. 2.80. 

3. Heft. Der mathematische Unterricht an den Volksschulen und 
Lehrerbildungsanstalten Suddeutschlands mit einem Einftthrungswort von 
P. TREUTLEIN und mit den Einze'abhandlungen von H. HENsING iiber die 
Verhaltnisse in Hessen, von E. Grcx tiber Wiirttemberg, von H. Cramer 
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liber Baden, von KrerRSCHENSTEINER und Bock tiber Bayern. [XIV u. 163 
S.] 1912 M. 5.— 

4. Heft: Dresster, H., Der mathematische Unterricht an den Volks- 
schulen und Lehrerbildungsanstalten in Sachsen und Thuringen. (In 


Vorbereitung. ) 

5. Heft: Umtiaur, K., Der mathematische Unterricht and den Semi- 
naren und Volksschulen der Hansestadte. (In Vorbereitung.) 

6. Heft: Lierzmann, W., Die Organisation der Volksschulen, geho 
benen Volksschulen, Praparandenanstalten, Seminare usw. in Preussen 


(In Vorbereitung. ) 
AUSTRIA, 


Berichte tuber den mathematischen Unterricht in Oesterreich. Veranlasst 
durch die internationale mathematische Unterrichtskommission. Heraus- 
gegeben von E. Czuper, W. Wirtincer, R. Suppantscuitscu, E. DIntz1 
(ALFRED HO LpER, Wien). 1912. 

Heft 1—Begleitwort, von E. Czuser. 

Realschulen von F. BERGMANN. 
Volks- und Biirgerschulen von K. Kraus.—(V u. 81 S.; 1 M. 80). 

Heft 2.—Bildungsanstalten fur Lehrer und Lehrerinnen yon Th. Kon 
RATH, 

Hohere Handelsschulen yon M. DoLinskI1. 
Hohere Forstlehranstalt Reichstadt von M. ApAMiIcKA.—(52 p.; 1 M. 20.) 

Heft 3.—Gymnasien von E. Dintz_.—( VIII-78 p.; 1 M. 80.) 

Heft 4.—Madchenlyzeen von Th. Konratu. 

Die praktische Vorbildung fiir das héhere Lehramt in Oesterreich von 
J. Loos. 

Gewerbliche Lehranstalten von W. Rutr.—(64 p.; 1 M. 60.) 

Heft 5.—Technische Hochschulen von E. Czusper.—(V-39 p.; 1 M. 20.) 

Heft 6—Die mathematischen Schulbiicher an den Mittelschulen und 
verwandten Lehranstalten von Ph. Freup.—(53 p.; 1 M. 20.) 

Heft 7.—Universitaten von R. v. STERNECK.—(50 p.; 1 M. 20.) 

Heft 8—Bericht tiber die speziellen Verhaltnisse des Offentlichen ma- 
thematischen Unterrichtes an den Volks- und Mittelschulen Galiziens von 
St. ZAREMBA.—(V-25 p.; 1 M. 20.) 

Heft 9.—Der Unterricht in der darstellenden Geometrie an den Real- 
schulen und Realgymnasien von A. ADLER, 

Der Unterricht in der darstellenden Geometrie an den Technischen 
Hochschulen von E. MUtter.—(24 p.; 2 M. 40.) 

Heft 10.—Hochschule fiir Bodenkultur yon O. Stmony. 

Montanistische Hochschulen von E. Kosa p. 

Militar-Erziehungs- und Bildungsanstalten von A. MIKUTA. 
Technologisches Gewerbemuseum von K. Reicu.—(39 p.; 1 M. 20.) 

» Heft 11-—-Die Mathematik im Physikunterricht der Osterreichischen 
Mittelschulen von A. LANNER.—(56 p.; 1 M. 20.) 

Heft 12.—Die neueten Einrichtungen in Oéesterreich fiir die Vorbildung 
der Mittelschullehrer in Mathematik, Philosophie und Padagogik von A. 
HOFLER.—(103 p.; 2 M.) 


BELGIUM, 


ret volume. Rapports sur Tenseignement des mathématiques, du dessin et 
du travail manuel dans les écoles primaires, les écoles normales primaires, 
les écoles moyennes, les athénées les colleges belges.—1 vol. de 348 p.; 
prix: 5 fr.; J. Geemere, Bruxelles. Ce volume comprend: 
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Rapport sur Tenseignement des mathématiques dans les écoles primaires 
et dans les écoles normales primaires, par M. Dock (33 p.). 

Rapport sur Tenseignement du dessin et du travail manuel dans les écoles 
primaires, les écoles moyennes, les athénées et les colleges par M. L. Mont- 
FORT (154 p.). 

Rapport sur Tenseignement des mathématiques dans les écoles moyennes, 
les athénées et les colléges, par M. H. PLOUMEN (87 p.). 

Les tendances actuelles de Tenseignement mathématique en Belgique et 
leur influence sur les méthodes et les programmes. par H. PLouMEN (67 
p.). 

EN PREPARATION; pour paraitre en 1913, 2™¢ volume: 

Les mathématiques dans les écoles industrielles et professionnelles, par 
M. RomBAut, inspecteur honoraire. 

Lenseignement des mathématiques dans les Universités et les Ecoles 
supérieures, par M. NEuBERG. 


DEN MARK. 


Bericht tiber den Mathematikunterricht in Danemark, by Paul HEeEecAarp. 
—1 vol. 107 p. 3 fr. 80, (Gyldenalske, Copenhague; Georg & Cie, Genéve). 

1—Die Schultypen. 

2.—Elementarschulen. 

3.—Die hoheren allgemeinen Schulen. 

4.—Die Volkschochschule. 

5.—Elementarschulen fiir Technik, Handel und Seefahrt. 

6.—Militarschulen. 

7.—Schulen fiir Land-, Fortwirtschaft u.s.w 

8.—Die Kunstakademie. 

9.—Die Universitat und die technische Hochschule 

10.—Die Lehrerausbildung. 


SPAIN, 


Lenseignement mathématique en Espagne, rapports de la Sous-commis- 
sion espagnole, par le délégué Z.-G. de GALDEANO (Saragosse). Travaux 
préparatoires. 2 fasc., 8 et 18 p.; 1910 et 1911. 

Mémoires, Tome I, 139 p., 1912. Sommaire de ce premier volume: 

M. Torroja et [évolution de la Géométrie en Espagne, par Miguel Vecas 

Enseignement de la Géométrie métrique a la Faculté des Sciences, pat 
Cecilio-Jiménez Ruepa, 

Les cours dAnalyse mathématique aux Facultés des Sciences espagnoles 
par Luis-Octavio de To.evo. 

Lenseignement du Calcul infinitésimal aux Facultés des Sciences espa 
gno!es, par Patricio PENALVER. 

Les Mathématiques a [Ecole dIngénieurs des Eaux et Foréts, par 
Jorge TorNer. 

Lenseignement des Mathématiques a TEcole centrale des Ingénieurs in 
dustriels, par Carios MAtTA1x et Alfonso Toran 

[Lenseignement des Mathématiques a [Ecole supérieure de Guerre, par 
Miguel Correa. 

Enseignement des Mathématiques aux Ecoles normales, par Leopoldo 
FERRERAS. 

Unitep States. 
} 


ne 


Committees I and II: Mathematics in the Elementary Schools of t 
United States (186 p.), 1911. 

Committees III and IV: Mathematics in the Public and Private Se 
ondary Schools of the United States (188 p.), 1911. 
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Committee V: Training of Teachers of Elementary and Secondary 
Mathematics (24 p.), 1911. 

Committee VI: Mathematics in the Technical Secondary Schools in 
the United States (36 p.), 1912. 

Committee VII: Examinations in Mathematics other than those set by 
the Teacher for his own Classes (72 p.), 1911. 

Committee VIII: Influences tending to Improve the Condition of 
Teachers of Mathematics (47 p.), 1912. 

Committee IX: Mathematics in the Technological Schools of Collegiate 
Grade in the United States (44 p.), 1911. 

Committee X: Undergraduate Work in Mathematics in Colleges of 
Liberal Arts and Universities, (30) p.), 1911. 

Committee XI: Mathematics at West Point and Annapolis (26 p.), 1912 

Committee XII: Graduate Work in Mathematics in Universities and 
in other Institutions of like Grade in the United States (64 p.), 1911. 

General Report of the American Commissioners, with Jndex of all the 
American Reports (84 p.), 1912. 

These reports may be obtained gratis on application to the Bureau of 
Education, Washington, D. C. 


FRANCE. 


Rapports de la Sous-commission francaise, 5 volumes. (Librairie Ha- 
chette, Paris.) 

Tome I.—ENSEIGNEMENT PRIMAIRE, publié sous la direction de M. 
BiocuHeE, prof. de mathématiques au Lycée Louis-le-Grand. 85 p. (3 fr. 50) : 

Avant-propos. 

a) Rapport sur Tensemble des établissements dans lesquels se donne, en 
France, un enseignement mathématique, par M. Ch. BrocHe. 

b) Rapport sur [enseignement mathématique dans les Ecoles primaires 
élémentaires, par M. J. LEFEBvRE. 

c) Rapport sur Tenseignement mathématique dans les écoles primaires 
supérieures, par M. G. TALLENT. 

d) Rapport sur Tenseignement mathématique dans les écoles normales 
primaires dinstituteurs, en France, par M. A. VAREIL. 

e) Rapport sur [Ecole normale supérieure denseignement primaire de 
Saint-Cloud, par M. Goursar. 

Appendice. 

Tome II.—ENSEIGNEMENT SECONDAIRE, publié sous la direction de M 
BiocHE, prof. de mathématiques au Lycée Louis-le-Grand.—159 p. (5 fr.): 

Avant-propos. 

a) Rapport sur la place et [importance des mathématiques dans [lensei 
gnement secondaire en France, par M. Ch. Biocue. 

b) Rapport sur les classes de mathématiques spéciales ct de Centrale, 
par M. E. Brute. 

Piéces annexes. 

c) Rapport sur [arithmétique par M. A. Lfvy. 

d) Rapport sur Talgébre, par M. Guitron. 

e) Rapport sur la géométrie, par M. Th. Rousseau. 

f) Rapport sur Tenseignement de la mécanique, par M. H. Becurn. 

g) Rapport sur Tenseignement de la cosmographie, par M. A. Muxanrrt. 

h) Rapport sur Tenseignement des mathématiques dans les écoles nou- 
velles, par Frank Lomsarp. 

Appendice. 

Tome III.—ENSsEIGNEMENT suUpPFRIEUR, publié sous la direction de M. 
Albert de Saint-Germain, Doyen honoraire de la Faculté des sciences de 
Caen, président de la Sous-commission frangaise—123 p. (4 fr.). 
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Apercu général sur Tenseignement supérieur des mathématiques. 

a) Rapport sur Tenseignement du calcul différentiel et intégral, de la 
mécanique rationnelle, de Iastronomie et des mathématiques générales 
dans les Facultés des sciences en France, par M. E. Vessior, 

b) Rapport sur les enseignements mathématiques dordre élevé dans les 
Facultés des Sciences dUniversités frangaises, par M. Emile Bore. 

Annexe.—Faculté des Sciences de Paris: programmes des certificats 
détudes supérieures pour Tannée 1911. 

c) Rapport sur les diplomes détudes supérieures de sciences mathéma- 
tiques, par M. A. de Sarnt-GERMAIN. 

d) Rapport sur [enseignement mathématique dans les instituts techniques 
des Facultés des sciences, par M. H. Voer. 

e) Rapport sur Ienseignement des mathématiques 4 [Ecole normale supe- 
rieure et sur Iagrégation des sciences mathématiques, par M. Jutes TAN- 
NERY 
f) Note sur Tenseignement mathématique au Collége de France, par M 
A. de SAtnt-GERMAIN, 

g) Rapport sur lenseignement mathématique a Técole polytechnique, par 
M. G. HumpBert. 

h) Rapport sur Tenseignement mathématique a TEcole nationale des 
Ponts et Chaussées, par M. Maurice dOcAGNE. 

i) Rapport sur Tenseignement des mathématiques a [Ecole nationale su- 
périeure des Mines, par M. René GArNIeR. 

j) Rapport sur Tenseignement mathématiques a [Ecole nationale des 
Mines de Saint-Etienne, par M. FRrepev. 

k) Note sur [Ecole dapplication du Génie maritime, par M. A. JANET. 

Tome IV.—ENSEIGNEMENT TECHNIQUE, publié sous la direction de M. 
P. Rotiet, Directeur de [Ecole municipale professionnelle Diderot a Paris. 
—212 p. (5 fr.): 

Introduction. 

Ecoles pratiques de commerce et dindustrie. Programmes officiels 
(28 aottt 1909). Extraits concernant Tenseignement mathématique 

a) Rapport de M. Harane. 

b) Rapport de M. Ch, LaGNneaux. 

c) Rapport de M. Ch. LAGNgeAvux. 

Ecoles nationales professionnelles. Programme de Tenseignement tech- 
nique théorique. 

d) Rapport sur Tenseignement des mathématiques dans les écoles natio 
nales professionnelles (E. N. P.), par M. Larivrére. 

e) Rapport sur Tenseignement des mathématiques dans les écoles natio- 
nales professionnelles, par M. E. Triparp. 

Ecoles darts et métiers. Programmes officiels du 9 mai 1910. 

f) Rapport sur Tenseignement des mathématiques dans les écoles darts 
et métiers (1t¢ année), par M. J. RoumMAyjon. 

g) Rapport sur Tenseignement des mathématiques dans les écoles darts 
et métiers (2¢ année), par M. Bezine. 

h) Rapport sur Tenseignement de la mécanique dans les écoles darts et 
métiers (3¢ année), par M. Bazarp. 

Ecoles de commerce.——1) Rapport sur Tenseignement mathématique dans 
les établissements de la Chambre de Commerce de Paris par M. P. Mineur. 

Conservatoire national darts et métiers—j) Rapport sur Tenseignement 
des mathématiques au Conservatoire national des arts et métiers, par M. 
Carlo Bour.et. 

Ecole centrale des arts et manufactures.—k) Rapport sur [enseigne- 
ment mathématique a Técole centrale des arts et manufactures, par M. P. 
APPELL. 
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Appendice. 

Tome V.—ENSEIGNEMENT DES JEUNES FILLES, publié sous la direction de 
Mile Amieux, prof. au Lycée Victor-Hugo a Paris.—95 p. (3 fr. 50): 

Apercu général. 

Enseignement secondaire. Introduction. 

a) Rapport sur la place des mathématiques dans les plans détudes, Tor 
ganisation générale et Tenseignement obligatoire; par Mlle A. AmMIeux. 

b) Rapport sur Tenseignement des mathématiques dans la 2¢ période et 
sur la préparation au baccalauréat et aux examens de Tenseignement secon- 
daire féminin, par Mme Baupevur. 

c) Rapport sur Tenseignement des mathématiques a [Ecole normale de 
Sevres, par M. P. ApPpeELt. 

Enseignement professionnel. Rapport sur les mathématiques dans [Tensei 
gnement professionnel des jeunes filles, par Mme Pivor et Mile Frepon. 

Enseignement primaire. Introduction. 

a) Note sur Tenseignement mathématique dans les écoles primaires élé- 
mentaires. 

b) Rapport sur Tenseignement mathématique dans les écoles primaires 
supérieures de jeunes filles, par M. TALLENT, 

c) Sur Tenseignement mathématique dans les écoles normales dInstitu- 
trices primaires. 

d) Rapports sur Tenseignement mathématique a [Ecole normale su- 
périeure dinstitutrices de Fontenay-aux-Roses, par MM. G. FonTenge et G. 
K«ENIGS. 

HOLLAND. 


Rapport sur Tenseignement mathématique dans les Pays-Bas, publié par 
la Sous-commission nationale, sous la direction de J. CARDINAAL.—1 vol. 
de 151 p.; 3 fr.; J. Waltman, Delft. 

1. Lenseignement mathématique a Técole primaire. 

2. Lenseignement mathématique aux «Burgeravondscholen» (écoles 
dites bourgeoises), écoles professionnelles, écoles de dessin, écoles profes- 
sionnelles pour filles et écoles techniques. 

3. Ecoles de marine. 

4. TLenseignement mathématique aux écoles moyennes (Hoogere Bur 
gerscholen). Ecoles moyennes a 3 années détudes. 

5. Ecole moyenne a 5 années détudes. 

6. Ecoles moyennes pour jeunes filles. 

7. DLenseignement mathématique aux gymnases. 

8. Les universités. 

9. Académie technique. 

10. Lenseignement mathématique aux instituts militaires de Tarmée de 
terre dans les Pays-Bas. 

11. Ecole de machinistes pour la marine a Helleveetsluis. 

12. Institut Royal de marine a Willemsoord. 

13. Rapport comp!émentaire sur les propositions de la Commission dEtat 
pour la réorganisation de Tenseignement, établie par Arrété Royal du 
21 mars 1903, n° 49. 


HUNGARY. 


1. Abhandlungen iiber die Reform des mathematischen Unterrichts in 
Ungarn—Im Auftrage der Mathematischen Reform Kommission des 
Landesvereins der Mittelschulprofessoren nach dem ungarischen Original 
deutsch herausgegeben von E. Beke und S. MrxKora (1911).—160 p.; 4 M 


—B. G. Teubner, Leipzig. 
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Cette étude densemble se trouve complétée par les dix rapports spéciaux 
ci-aprés (fr. 0,50 le fascicule; Librairie.Georg, Genéve) 

2. Die Ausbildung der Mittelschulprofessoren, von J. KUrscHAK 
(1911).—20 p. 

3. Der heutige Stand des mathematischen Unterrichts am Ko6niglich 
ungarischen Josefs-Polytechnikum (Technische Hochschule in Budapest), 
von G. RApos (1911).—14 p. 

4. Der Unterricht der Mathematik am Uebungsgymnasium, von P. v 
Szaso (1912).—17 p. 

5. Der mathematische Unterricht an den Lehrerbildungsanstalten, vor 
K. GOLpDZIHER (1912).—13 p. 

6. Der mathematische Unterricht an den hodheren Gewerbeschulen und 
gewerblichen Fachschulen, von D. ArAny (1912).—15 p. 

7. Der mathematische Unterricht an den Handelsschulen, von M. 
Havas und S. Bocyo (1912).—13 p 

8. Der mathematische Unterricht an den Biirgerschulen, von J VoLEeN- 
SZKY (1912).—18 p. 

9. Der mathematische Unterricht an den Mittelschulen (Gymnasien u 
Realschulen, von E. Bexe (1912).—24 p. 

In Vorbereitung : 

10. Der mathematische Unterricht an den Volksschulen, von M. Bitten- 
BINDER. 

11. Der mathematische Unterricht an den héheren Madchenschulen, von 
A. VISNYA, 


THe Unitep KINcpom. 


The following papers on the Teaching of Mathematics in the United 
Kingdom have been published by the Board of Education (Wyman and 
Sons, London) : 

No. 1. Higher Mathematics for the Classical Sixth Form. By Mr. W. 
NEWBOLD.—14 p. Price 1 d. 

No. 2. The Relations of Mathematics and Physics. By Dr. L. N. G 
Fiton.—9 p. Price 1 d. 

No. 3. The Teaching of Mathematics in London Public Elementary 
Schools. By Mr. P. B. BALLArp.—28 p. Price 2 d 

No. 4. The Teaching of Elementary Mathematics in English Public 
Elementary Schools. By. Mr. H. J. Spencer.—32 p. Price 24 d. 

No. 5. The Algebra Syllabus in the Secondary School. By Mr. C. 
GopFrey.—34 p. Price 24 d. 

No. 6. The Correlation of Elementary Practical Geometry and Geogra- 
phy. By Miss Helen Bartram.—8 p. Price 1 d. 

No. 7. The Teaching of Elementary Mechanics. By. Mr. W. D. Eccar. 
—13 p. Price 1 d. 

No. 8. Geometry for Engineers. By Professor D. A. Low.—15 p. 
Price 14 d. 

No. 9. The Organisation of the Teaching of Mathematics in Public 
Secondary Schools for Girls. By Miss Louisa Story.—17 p. Price 14 d. 

No. 10. Examinations from the School Point of View. By Mr. Cecil 
HAWKINS.—104 p. Price 9 d. 

No. 11. The Teaching of Mathematics to Young Children. By Miss 
Irene STEPHENS.—19 p. Price 14d. 

No. 12. Mathematics with relation to Engineering Work in Schools. 
3y Mr. T. S. UsHerwoop.—26 p. Price 2d. 

No. 13. The Teaching of Arithmetic in Secondary Schools. By Mr. 
G. W. PaLmer.—33 p. Price 24 d. 
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No. 14. Examinations for Mathematical Scholarships. By. Dr. F. S 
MacauLay and Mr. W. J. GrEENSTREET.—53 p. Price 3d. 

No. 15. The Educational Value of Geometry. By Mr. 4G. St. L. Carson. 
—17 p. Price 13 d. 

No. 16. School Course in Advanced Geometry. By Mr. C. V. Durett. 
—14 p. Price 14d. 

No. 17. Mathematics at Osborne and Dartmouth. By J. W. Mercer and 
Mr. C. E. Asurorp.—41 p. Price 23 d. 

No. 18. Mathematics in the Education of Girls and Women. By Miss 
FE. R. Gwatkin, Miss Sara A. Burstati, and Mrs. Henry Sipcwick.—32 
p. Price 24 d. 

No. 19. Mathematics in Scotch Schools. By Professor G. A. Grnson.— 
49 p. Price 3 d. 

No. 20. The Calculus as a School Subject. By Mr. C. S. Jackson.—18 p 
Price 14 d. 

No. 21. The Relation of Mathematics to Engineering at Cambridge. By 
Professor B. HopKinson.—13 p. Price 14 d. 

No. 22. The Teaching of Algebra in Schools. By Mr. S. BARNARD,—26 
p. Price 14 d. 

No. 23. Research and Advanced Study as a Training for Mathematical 
Teachers. By Professor G. H. Bryan.—21 p. Price 14 d. 

No. 24. The Teaching of Mathematics in Evening Technical Institu- 
tions. By Dr. W. E. Sumpner.—9 p. Price 1 d. 

No. 25. The Undergraduate Course in Pass Mathematics Generally, and 
in Relation to Economics and Statistics. By Professor A. L. BowLey. 
14 p. Price 14 d 

No. 26. The Preliminary Mathematical Training of Technical Students. 
By Mr. P. Apsott.—17 p. Price 14 d. 

No. 27. The Training of Teachers of Mathematics. By Dr. T. P. 
NuUNN.—17 p. Price 14 d. 

No. 28. Recent Changes in the Mathematical Tripos at Cambridge. By 
Mr. Arthur Berry.—15 p. Price 14 d 

No. 29. Mathematics in the Preparatory School. By Mr. E. KitcHener. 
—15 p. Price 14 d. 

No. 30. Course in Mathematics for Municipal Secondary Schools. By 
Mr. L.-M. Jones.—15 p. Price 14 d. 

No. 31. Examinations for Mathematical Scholarships at Oxford. By 
Mr. A. E. JoLtirre.—Examinations for Mathematical Scholarships at Cam- 
bridge. By G. H. Harpy.—22 p. Price 2 d 

No. 32. Parallel Straight Lines and the Method of Direction. By Mr. 
T. James GARSTANG.—8 p. Price 1 d 

No. 33. Practical Mathematics at Public Schools: Introduction. By 
Dr. H. H. Turner.—Practical Mathematics at Clifton College. By Mr. 
R. C, FAwpry.—Practical Mathematics at Harrow School. By Mr. A. W. 
Sippons.—Practical Mathematics at Oundle School. By Mr. F. W. San- 
DERSON.—Practical Mathematics at Winchester College. By Mr. G. M. 
BELL.—36 p. Price 1 d. 

No. 34. Mathematical Examinations at Oxford. By Mr. A. L. Drxon 
—117 p. Price 16 d. 

These reports are published in two volumes. The Teaching of Mathe- 
matics in the United Kingdom. Part I, 3 s. Part II, 1 s. 9 d. (Special 
Reports on Educational Subjects, Volumes 26 and 27.) 


ITALY. 


Atti della Sottocommissione italiana 
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MATHEMATICS PUBLICATIONS 


1. Scuolo infantili ed elementari, prof. Contr (Roma).—39 p. 
2. Scuole normali, prof. Contr (Roma), 71 p 

3. Scuole classiche: 

a) I successivi programmi dal 1867 al 1910, prof. Scarris (Bologna) .— 


b) Critiche e proposte, prof. Fazzart (Palermo).—16 p. 
4. Scuole ed istituti tecnici, prof. Scorza (Palermo).—34 p. 

5. Scuole industriali, professionali e commerciali, prof. Lazzeri (Livor- 
no).—19 p. 

6. R. Accademia Navale di Livorno e R. Accademia Militare di Torino, 
prof. LAzzert (Livorno).—14 p. 

7. Intorno all ordinamento degli studi matematici nel primo biennio 
universitario in Italia, prof. SomicLiANa (Torino).—11 p. 

8. Sugli studi per la laurea in Matematica e sulla sezione di Matematica 
delle Scuole di Magistero, prof. PincHERLE (Bologna.)—16 p. 

9. Osservazione e proposte circa Tinsegnamento della matematica nelle 
scuole elementari, medie e di magistero, prof. Papoa (Genova), (gia pub- 
blicato nel Bollettino di Matematica, 1910, e da ripubblicarsi negli Atti 
Ufficiali della Sottocommissione italiana ).—22 p. 

En préparation : 

10. Sui trattati italiani di matematiche elementari, prof. Scorza 
(Palermo). 

11. Sulla evoluzione degli insegnamenti geometrici nelle Universita, 
prof. Severt (Padova). 

JAPAN. 


Vol. I—Report on the Teaching of Mathematics in Japan, prepared by 
the Japanese Sub-commission.—1 vol., 550 p. 

The Teaching of Mathematics: 

I. Elementary Schools.—61 p. 

II. Middle Schools—69 p. 

Ill. Higher Middle Schools.—48 p 

IV. Faculty of Science of Imperial Universities—For the English 
translation see Chap. VIII. of the Summary Report 

V. Faculty of Technology of the Tokio Imperial University.—7 p. 

VI. Normal Schools.—34 p. 

VII. Training of (male) Teachers for Intermediate Schools.—38 p 

VIII. Girls’ High Schools.—32 p. 

IX. Normal Schools for Women.—45 p. 

X. Higher Normal Schools for Women.—44 p. 

XI. Commercial Schools and Colleges.—25 p. 

XII. Technical Schools and Colleges.—42 p. 

XIIT. Schools under the Army Department.—48 p. 

XIV Schools under the Navy Department.—13 p 

XV. Schools under the Department of Communications.—30 p. 

Vol. Il—Summary Report on the Teaching of Mathematics in Japan, 
by R. FuyrsaAwa.—238 p 


Norway. 


Bericht uber den mathematischen Unterricht in Norwegen (in prepara- 
tion ) 

I. Einleitung: Uebersicht iiber die Organisation des norwegischen 
Schulwesens. 

II. Die Mathematik an den niederen und héheren Volkschulen. 

III. Die Mathematik an den héheren Schulen («Mittelschule> und 
«Gymnasium? ). 
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IV. Die Mathematik an den Hochschulen (Universitat in Christiania 
und Technische Hochschule in Drontheim). 

V. Die Mathematik an den Spezialschulen. 
VI. Die Seminare fiir Volkschullehrer. 
VII: Die Padagogische Ausbildung der Lehrer der hoéheren Schulen. 


RouMANIA. p 


Lenseignement mathématique en Roumanie. Enseignement secondaire, 
par G. Tzirzeica (Bucarest).—16 p. 


RUSSIA. 


1. Lenseignement mathématique dans les universités, les écoles tech 
niques supérieures et quelques-unes des écoles militaires, par C. Posst.— 
100 p. (3 fr.) 

2. Lenseignement mathématique dans lés écoles de Finlande, rédigé par 
une commission instituée par le Sénat impérial de Finlande. 52 p. 

3. Bericht iiber den mathematischen Unterricht an den russischen Real- 
schulen, von K. W. Voct.—16 p. (fr. 0,60) 

4. LDPenseignement mathématique dans les écoles primaires et les écoles 
normales, par M. S. 

Lenseignement mathématique dans les gymnases de gargons du Ministére 
de [Instruction publique et dans les instituts de jeunes filles du ressort 
des établissements de [Impératrice Marie, par M. Konpratiev.—29 p. (fr. 
1,—) ' 

5. Lenseignement mathématique dans les Corps des cadets, par M. Po- 
PRUGENKO. 

Notice sur les cours pour la préparation des maitres des Corps de cadets, 
par M. MAKcHEEv.—20 p. 

6. a) Sur lorganisation de Ienseignement mathématique dans les gymna- 
ses de jeunes filles du ressort.du Ministére de [Instruction publique et a 
[Institut pédagogique de jeunes filles. Par M. Micuetson, prof. 4a cet 
institut. 

b) Sur Tenseignement mathématique dans les écoles industrielles du res- 
sort du Ministére de [Instruction publique. Par MM. Korournitzxy et 
Hatzouxk, professeurs a [Institut technologique de St-Pétersbourg. 

c) Sur Tenseignement des mathématique dans les gymnases de jeunes 
filles dans Tarrondissement scolaire de Varsovie. Par M. Gortatckev, prof. f 
a TUniversité de Varsovie —37 p. 

Rapports déja rédigés en langue russe; (en traduction). 

a) Les mathématiques dans [Jnstitut technologique de St-Pétersbourg. 

Par Boris CofAtovitscn, prof. a cet institut. 

b) Les mathématiques dans les cours supérieurs de femmes (université 
de femmes) a St-Pétersbourg. Par le méme. 

c) Les mathématiques dans les cours supérieurs de femmes & Moscou 
Par M. Mtopzievsk1, anc. prof. 4 [Université de Moscou. 

d) Les mathématiques dans [J/nstitut polytechnique de Varsovie. Par 
M. Mornovxnatl-Bortowskal, prof. a [Université de Varsovie. 

e) Sur la préparation des maitres pour les écoles moyennes secondaires 
Par M. Kacan, prof.-adjoint 4 [Université dOdessa. 

f) Les mathématiques dans les écoles de Tadministration générale de 
Tagriculture. Par M. N. N. 

g) Les mathématiques a [/nstitut de Géodésie de Moscou, par feu B. ) 
STRUVE. 

SWEDEN. 


DER MATHEMATISCHE UNTERRICHT IN SCHWEDEN, herausgegeben von Dr. 
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H. von Kocu und Dr. E. Gdransson.—Editeur: C. E. Fritze, Stockholm, 
229 p., 4 fr. 

Ecoles primaires et écoles normales, par H. DAHLGREN: Die Mathematik 
an den Volksschulen und Volksschullehrerseminaren Schwedens, 52 p. 

Ecoles réales, par E. GOransson et E. HAtitcren: Die Mathematik an 
den schwedischen Realschulen, 28 p. 

Gymnases, par E. GOransson: Die Mathematik an den schwedischen 
Gymnasien, 51 p. 

Etablissements de jeunes filles, par O. JosepHson et Anna RONsTROM; 
Die Mathematik an den héheren Madchenschulen in Schweden, 23 p. 

Ecoles professionnelles élémentaires, par K.-L. Hacstrém, G. Erickson 
et C. Het!MAN: Die Mathematik an elementartechnischen Gewerbeschulen, 
22 p. 

Ecoles techniques moyennes, par O. GALLANDER: Der mathematische 
Unterricht an den technischen Mittelschulen, 8 p. 

Ecoles techniques supérieures, par H. von Kocu: Die Mathematik an 
der technischen Hochschule in Stockholm, 13 p. 

Universités. par A. Wiman: Die Mathematik an den schwedischen Uni- 
versitaten, 18 p. 

SWITZERLAND. 


LLENSEIGNEMENT MATHEMATIQUE EN Sursse. Rapports de la sous-com- 
mission suisse publiés sous la direction de H. Fenr.—1 vol., XVI et 756 p. 
18 fr., en 8 fascicules en vente séparément, Georg et Cie, Genéve et Bale. 

Fase. 1—Les travaux préparatoires: Rapport préliminaire sur Tlorga- 
nisation de la Commission et le plan général de ses travaux, publié au nom 
du Comité central par H. Fenr, secrétaire-général de la Commission (en 
francais et en allemand). 

Organisation des travaux en Suisse.—43 p., 1 fr. 50. 

Fasc. 2.—Apercu général, par H. Fenr. ; 

Der mathematische Unterricht an den schweizerischen Primarschulen, 
von Just. STOCKLIN. 

Der mathematische Unterricht an den schweizerischen Sekundarschulen, 
von BADERTSCHER, Bern.—106 p., 2 fr. 25. 

Fasc. 3.—Der mathematische Unterricht an den hdheren Madchen- 
schulen der Schweiz. von E. Guster, Ziirich. 

Der mathematische Unterricht an den Lehrer- und Lehrerinnensemina- 
rien der Schweiz, von F. R. ScHerrer, Kiisnacht. 

Organisation und Methodik des mathematischen Unterrichts in den Lan- 
derziehungsheimen, von K. Matter, Frauenfeld.—109 p., 2 fr. 25. 

Fasc. 4.—Der mathematische Unterricht an den schweizerischen Gym- 
nasien und Realschulen, von K. BraANpENBERGER, Ziirich—167 p., 3 fr. 50. 

Fasc. 5.—Les mathématiques dans Tenseignement technique moyen en 
Suisse, par L. Crevirr, Bienne.—112 p., 2 fr. 26. 

Fasc. 6.—Les mathématiques dans [enseignement commercial suisse, 
par L. Morr, Lausanne.—70 p., 2 fr. 

Fasc. 7.—Der mathematische Unterricht an der Eidgendssischen Tech- 
nischen Hochschule, von M. GrossMANN, Ziirich.—52 p., 2 fr. 

Fasc. 8.—LEnseignement mathématique 4 TEcole dIngénieurs de TUni- 
versité de Lausanne, par M. Lacomse, Lausanne. 

Der mathematische Unterricht an den Schweizerischen Universitaten, 
von J. H. Grar, Bern.—72 p., 2 fr. 25. 
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PROBLEM DEPARTMENT. 


By E. L. Brown, 
Principal North Side High School, Denver, Colo. 

Readers of this magazine are invited to send solutions of the problems 
in which they are interested. Problems and solutions will be duly credited 
to their authors.. Addregs all communications to E. L. Brown, 3435 Al- 
cott Street, Denver, Colo. 

Algebra. 


345. . From Hawke's Advanced Algebra, p. 136, Ex. 35. 

In an A. P. where a is the first term and s is the sum of the first » terms, 
find the expression for the sum of the first m terms. 

Solution by T. M. Blakslee, Ames, Iowa, and Otto J. Ramler, Buffalo, 
New York. 


, . nl , 
We have Sn => [2a+(n—1)d], 
2 m 
and Sm = —>-[2a+(m—1)d], 
: a 
Then Sy,—an = n(n—1)-—~» 
, ¢ 
and Sm—am = m(m—1)-——> 
. Sm—am m(m—1) 
Whence — — a Te 
Span n(n—1) 
m[ (m—1)S,—an(m—n) | 
and .. = . 
n(n—1) 


346. Proposed by Norman Anning, North Bend, B. C. 

Express (a’+mab-+-nb*) (c?+mcd+nd’) in two ways in the form 
X*-+-mXY+nY’. 

I. Solution by R. M. Mathews, Riverside, Cal. 

The expansion of the first expression is 

a*c?+-mac (ad+bc)+n(a'd*+b'c*) +m’ abcd+mnbd(ad+bc)+n'b'd’. (a) 

Assume that X and Y are expressions linear in m and n. Thus 

X = u4,-+mz,-+nt,, Y = u.t+mvz,+nt.. (b) 

Substituting these in X’+mXY-+nY’, expand, set equal to (a), equate 
coefficients of terms similar in m and n, and from these equations of con- 
ditions solve for the coefficients of u,, v, First, however, the following 





simplifications are obvious: ft, = 0, because there is no term in n’ in (a) ; 
that u, = +ac, t, = +bd; that as there is no term m’n then v,’+v,t, = 0, 
whence v, = 0 or v, = —t;. .°. U. = bd; that as there is no m’® term, 
Vv; = 0 or v, = 0, but not both, for then no m’ term would result to corre- 
spond to m*abcd in (a). Thus we have to consider the following cases: 
X = 

(1) ac+myv,--nbd, Ml». 

(2) ac-+-nbd, u,—mbd. 

(3) ac+mv,—nbd, >. 

(4) ac—nbd, u-+-mbd. 

(5) —ac-+-mv,-+nbd, U>. 

(6) —ac-+-nbd, u.—mbd. 

(7) —ac+mv,—nbd, U>. 

(8) —ac—nbd, u,+-mbd. 


When the work is carried through it develops that (2), (3), (5) and (8) 
impose incompatible conditions on the undetermined coefficients of v, and 
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u,; on the other hand we obtain two solutions apiece from (1) and (7), 
and one each from (4) and (6). Those from (7) and (6) are the nega- 
tives of those from (1) and (4), respectively. They are 
X = +(ac+mbc+nbd), Y = +(ad—bc). 

= +(ac-+mad+nbd), = +(bc—ad). 

= +(ac—nbd), = +(ad+bc+mbd) 

As a result we have the given product expressed in the required form in 
three independent ways 


II. Solution by E. B. Escott, Ann Arbor, Mici 
P mb nv : 
a’+mab+nb*? = (a+ (—-—n) b* 


2 + 
A*—DbB’, 
’ mb m* 
Where A = a+ —< D= 4 —n., 
ad _— " . md 
Also C+mcd+nd* = C—Dd, where ( c+— 
The following method is given in Euler’s Algebra 
A*—Db? = (A+bVD)(a—bvD) 
(A*—Db*) (C’-—Dd*?) = (A+bVD)(A—bVD)(C+dvD)- 
-(C—dvD) 


Combine first and third factors, also second and fourth 
Above product = [AC+bdD+(Ad+Cb) VD]- 

- [AC+bdD—(Ad+Cb) VD] 

= AC+bdD)*—D(Ad+Cb)’. 
Since X*+mXY+nY? = (X+—-Y) —Dy’, 


| ° 


we have X+ = Y = AC+bdD 
and Y = Ad+Cb 


Whence § X = ac—nbd. 
1Y = ad+bc+mbd. 

A second set of values is obtained by combining the factors in another 
way; i. ¢., by taking the product of first and fourth factors, also second 
and third. 

We get (A?—Db*) (C?—Dd?) = (AC—bdD)*—D(Ad—Cb)’; 
or this could have been obtained by changing the sign of d in preceding 
formula. 

m 


X+—Y = AC—bdD. 


9 


| 


, m 
ae-T-— (bc+ad)-+nbd 


Y = Ad—Cb = ad—bi 
From which we get 
{X = act+mbc+nbd 
1Y = ad—bc. 


Geometry. 


347. Proposed by H. E. Trefethen, Waterville, Maine. 

O is a point in a given triangle ABC; x, y, z are the perpendiculars 
from O on the sides a, b, ¢ respectively. When + :y:2 =-a:b:e, 

(1) Find x, y, z in terms of the sides; 

(2) Prove that the lines AO, BO, CO (produced) divide each the 



























triangle: 


centers of 


] Solut 


(1) 
the opposite vertices 
circles described 
the S¢ 
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opposite side into segments proportional to the squares of the adjacent 
sides; 
(3) Prove that minimum 
Solut \ \ 
(1) The point O median point of the triangle AB¢ 
Suppose a ma 
Then ABOC ! ACOA AAOB 
Hence, ma I ere hk area otf AAB( 
Then wi a n =~ 20K Le 
2 Produce CO to inte \B in R 
A Bon A AOC 
ABOR : AORA BR: RA 
A BOR : ABO RO I 
AAOR : AAO RO : Ov 
ABOC : AAO‘ ABOR : AORA 
cae <7 BR: RA 
Similarly for the othe s 
(3) Let O’ be ar the tl the triang] 1 
pendiculars from ©’ to a pectivel 
Then 
Whence ~ — _ 
na ] i 
(2 ) 1 ) ( 
a positive number 
48. Proposed l . &. *. Cedar Rapids, lowa 
[f equilateral triangles be described (outward) on the sides of any 


ining the vertices of the original triangle to 
equilateral triangles are concurrent: (2) the 
equilateral triangles are concurrent; (3) the 
1 7 


form another equilateral triangl 


lines ] 
f the 


the 


about 


circum-circies 


1 wding rettye : 


\/ D/ ] 1k ] 


PROBI 


(1) Let BB’ and CC’ intersect in O. Join AO and OA’. It is required 
to prove that AO, OA’ are in the same straight line. Since AB AC 
and A¢ \B’, and the 7 BAB’ CAC’, the triangle CAC’ and BAB 
are congruent. Therefore ABO ZAC’O, and ACO Z AB‘O 
Hence the quadrilaterals C’AOB and B’AOC are inscriptible The ZAOB 

ZAOC 120 Z BOC 120 Since BA‘ 60°, the quadri 
lateral BOAC’ is inscriptibl Hence BOA’ 60 Since AOB- 

BOA’ 180°, AO and OA’ are in the same straight line 

(2) Since the quadrilaterals CAOB, B’AOK VRBO e inscriptibl 
the three circles are concurrent 

(3) Since the angles at L, M, N are right angles and LON NOM 

MOL 120 P IR S 60 le RS is equi 
lateral 

I] 5 Mil v4 / c 5 } ib 

Construct circles P, R, S, such that the chords Ab, BC, CA divid 
circles into arcs of 120° and 240° the minor arcs passing through the tri 
angle. Let circles R, S intersect in O Phen LOB LOr 120 
Hence BOC 120° and circle P will pass through O also Produce 
BO to meet circle R in B’. Since BOC 120 B‘OC Z BAC 

60 \lso since \Or 120 . AB’C 60 Hence AAB'( 
equilateral. Produce CO to C’ and AO to A’. Likewise we can prove 
triangles ABC’ and BCA’ equilateral. Obviously angles P, R, S are sup 
plementary to angles BOC LOC, AOB Hence P R S 60° and 
the APRS is equilateral 
49 Si le le 1 

If upon the base BC of a triangle two equilateral triangles BCE, BCE’ 
be described on opposite sides, and their vertices E, E’ be joined to A 
then (1) if A denote the area of ABC AF? AE” iAV3: (2) 
\E7+AE” \ B?+- BC?+CA? 

| Solution by M. G. Schuck Pitts and lopkins. Mai 
chester, \ Hi 

(1) Let A and E’ be on same side et Join EE’, intersecting B¢ 
in QO. Join AO, and draw AM, AN to BC, EE Now AE*—AE” 

EK N*—E’ N° $14EO-ON $V30C-ON t OC-ON area of triangl 
ABC. .°. AE?—AE” 1V3A 
(2) AE*+AE” 2A0°+20E* 2\0°+60' \gain, ABR*+AC 
2A0*+-20C*, and BC’ be 4 B?+-BC*--C A’? 2°\074+60C 
Hence AE*+AE” \ B*-4-BC*4-CA* 
IT. Solution by R. M. Mathews, Riverside, Calif 
We have AE’ \B*+BE*—2AB-BE cos (60°+B) 
\B*+-BC’-—2AB-BC cos (60°-+B 
an AE” \ B’+BC’—2AB - Be (60°—B 
Whence AE’ AE” 2AB- Bt [cos (60—B ) ss (60 
t:AB- BC sin 60° sin B 
1-4AB-BCsinB- V3 1A) 
\lso Al \] 2AB*+2BC’—2AB- BC[cos (60 5 )-+cos(60—B 
2AB+2BC—4AB- BC cos 60 r 
2A B*+-2B¢ 2AB- Be sb 
\B BC \B iH >A] a 
\ B*+ Be CA 
CREDIT FOR SOLUTIONS. 
345. T. M. Blakslee. I. E. Campbell, Walter C. Fells. A. M. Harding 
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R. M. Mathews, A. L. McCarty, Harriet L. Pope, Otto J. Ramler, 
Nelson L. Roray. M. G. Schucker, Elmer Schuyler, George L 
Sosnow. (12) 

346. E. B. Escott, A. M. Harding, R. M. Mathews. (3) 

347. A. M. Harding, Nelson L. Roray. (2) 

348. M. Harding, Nelson L. Roray, M. G. Schucker, Elmer Schuyler. 
(4) 

349. T. M. Blakslee, Annie M. Fracker, A. M. Harding, G. I. Hopkins, 
R. M. Mathews (2 solutions), Harriet L. Pope, Nelson L. Roray, 
M. G. Schucker, Elmer Schuyler. (10) 


- 


Total number of solutions, 31 


PROBLEMS FOR SOLUTION. 
Algebra. 


361. Proposed by Norman Anning, Chilliwack, B. C 
Show, without dividing, that a*—a*+27—1r4+1 is a factor of 


ea aa 


362. Proposed by Orville Price, Denver, Colo. 
b?+-?—a’ +a’ —b’ a*+ b°—c’ 


If ~“— — .. 


0C 


of the three fractions must be equal to 1, and the 


2ca 2ab 
show that each of two 
other to —1 


Geometry. . 


363. Proposed by W.T. Harlow, Portland, Oregon 

From the middle point of one of the edges of a regular tetrahedron a 
fly descends by crawling around the tetrahedron, and reaches the base at 
the point where the edge meets the base. Find at what point the fly must 
cross the other edges if its path is everywhere equally inclined to the plane 
of the base. (Phillips & Fisher’s Geometry, Problem No. 175, Page 482.) 


364. Proposed by S. F. Parson, DeKalb, Iil. 

A mile race track has two intersecting “straight-ways” each 1000 feet 
in length and tangent to the circular arc which completes the mile. Re- 
quired the radius of the arc 


365. Proposed by H. E. Trefethen, Waterville, Maine. 

If d is the distance between the mid-points of the circular arc s and its 
chord c, the error in taking c = s—8d’/3s is less than 32d‘*/3s*. Derive these 
formulas and prove the statement. 


1913 MEETING OF THE ASSOCIATION OF COLLEGES AND 
SECONDARY SCHOOLS IN THE SOUTHERN STATES. 


The 1913 meeting of the Association of Colleges and Secondary 
Schools of the Southern States will take place on November 6th, 
7th and 8th, at the University of Tennessee, Knoxville, Tennessee. 
The principal subject of discussion will be the accrediting system 
which is now being put into operation by the Association in the 
Southern States. 

A copy of the complete programme will be sent you later. 

J. L. HENDERSON, University of Texas, President. 
BERT H. YOUNG, Vanderbilt University, Sec’y and Treas 
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CHEMISTRY SECTION ANNOUNCEMENT. 

The committee appointed by the Chemistry Section of the Central Asso- 
ciation of Science and Mathematics Teachers at the annual meeting 
in November, 1912, announces a change of plan in carrying on its work. 

Some months ago a circular letter was mailed to all chemistry teachers 
of the Association, as well as many others in the middle states. This 
letter presented some experiments and urged co-operation with the com- 
mittee in carrying out the purpose of the Chemistry Section. This purpose 
was “to collect and publish experiments, suitable for use, that were not 
in the present laboratory manuals.” The number of responses up to this 
time has been disappointing. The committee is not discouraged, how- 
ever. It is sure that it has the silent sympathy of many capable teachers. 

It wishes to acknowledge the friendly interest and proffers of assistance 
of at least thirteen teachers who have replied to the letter; and especially 
the receipt of experiments from five others as follows: 

Dr. Nicholas Knight, Cornell College, Iowa. 

Prof. E. P. Schoch, University of Texas, Austin 

Mr. C. W. Botkin, Ottumwa H. S., Iowa. 

Mr. V. G. Heller, Marinette H. S., Wis. 

Miss Alice Child, E. Div. H. S., Milwaukee, Wis. 

While much of the material is not original, yet the committee is pleased 
to receive it as an indication of interest and of illustration of what is 
being done elsewhere. If it is not already used, all may be sure that it 
will be used somewhere. While the primary aim was to collect new un- 
published experiments the committee recognizes that many published 
experiments have not come to the notice of some teachers, as yet. For 
this reason some experiments will be old to the more experienced and 
energetic teachers, while quite new to those of less experience in teach- 
ing. The committee expects, later on, to work toward the preparation of 
a list of standard experiments, from which teachers may select those 
which best suit their local needs. 

The few responses to the circular letter does not justify the further 
expense of this means of spreading the committee’s reports, but the 
courtesy of the publishers of Scnoot Scrence AND MATHEMATICS makes it 
possible for the committee to use the monthly issues of this periodical. 
The further reports of the committee may be found in it. The attention 
of all chemistry teachers is called to the experiments given in this issue. 
Please devise or search out others that have the following general char- 
acteristics which make them valuable in proportion to the content of these 
qualities: Universality of interest, not difficult of execution by students, 
not long and tedious in operation, and the cost of materials within 
moderate bounds. 

The committee again urges all chemistry teachers to assist in all possible 
ways to keep a vital interest in the study of chemistry; and not let the 
teaching of it grow into mere formalism. 

H. R. Situ, Highland Park, II. 
A. C. Norris, Rockford, Til. 
C. M. Wiricx, Crane H. S. Chicago. 
Committee. 
DETERMINING THE FINENESS OF GOLD. 


All students possess gold jewelry of some sort or another and frequent- 
ly want to know its fineness. The chemistry teacher is often asked to test 
the gold of the class pins or rings. It seems that an easy, quick method of 
doing this accurately would be apppreciated by teachers and students, so 
the following one is offered: 
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The following acids will not noticeably affect the gold alloys tf ‘ 
each one is prepared, but ll leave a brown spot on alloys having 
lower grade of fineness 
For 22K. gold. 

30 c.c.m. of c. p. HNO 

t drops of c. p. HCl 
For 20K. gold 

30 c.c.m. of c. p. HNO 

3 drops of c. p. H¢ 
For 18K. gold 

60 c.c.m. of p. HNO 

2 drops of c. p. Hi 
or J {K gold 

Use c. p. HNO 

It is not always easy r one without experience to decide accurate 
from the results of these tests \ little practice with alloys of know 
fineness will enable even a student to be reasonably certain the grad 
of the gold. 

For small expense one can purchase a jeweler’s gold-testing stone, a1 
a set of standard gold all needles With these the amateur can test 
any gold ornament without injurying it, and can do it accurately in a few 
minutes time. The procedure is as follows 

Some part of the gold article is rubbed on the stone \ gold str 
quite noti¢eable on the black stone, is left Then several needles are s¢ 
lected whose fineness is nearest that of the article. One usually has some 
idea of what the fineness is, or is said to be. Streaks close to the first on 
are made on the stone with the needles, then with a glass rod some aqu 
regia from the 22K. mixture above, a streak of acid is made across all 
the streaks of gold. The lowest grade alloy will be acted on first and 
most rapidly. The action on whichever standard alloy that respond 
most closely to the action on the gold of the article indicates plainl 


what the fineness is. If the action is entirely different from that on th 


standard alloys other needles are selected for use as befor In case of 
possible doubt it is better to err by calling the fineness too low 1e! 
than too high. Gold plated articles are known by the test of high fineness 
but low cost. Aqua regia of g1 ter strength can be used if desired 


This test with needles and stone is practically the only one used in the 


trade, and its reliability is unquestioned by jewelers. Every school teach 
ing chemistry should have a stone and needles, and should use it instead 
of the usual experiment of testing effect of acids on gold leaf; or us¢ 
it in conjunction with that experiment. The stone and needles may be 
obtained by post from Swartchild and Co., Heyworth Bldg., Chicag The 
thirty-five cent stone is large enough Ask for “a good black Scotch pe bbl 
gold-testing stone.” The needles differ in fineness by two carats an 
range from 4-20K. First grade quality are two dollars, second grad 
are a dollar and seventy-five cents; and are as accurate as first grad 
They are not finished quite so well H. R. Smirn 


The Assay Ton (A. ¥.) is 30 grams, and the milligran 
}0 grams of ore represent the ounces in a ton of 2,000 lbs 

Take 10 grams (4 A. T.) of the fine powder in a porcelain evaporating 
dish. Treat, on the water bath, with aqua regia, the dish being covered 
with a watch glass. This dissolves the gold as follow 











| {WPTO 
i( | Hi \O)-->( {) NO) 
( => \u Cl 
rine frot regia : : 
( evaporate t Itrate Irvnes n wate ith, and add 
S ns ! il intil there 5 1 eT l f acid Chen 
udd w r, and precipitate the gold with greet stals errous sulphat« 
( several hours on the warm ter bat e gold 1s pre 
t purple powder as follows es) AuCl. Fe.( SO 
et \ lailter e ¢ 1, di e pre yitate, ar etermine im the 
tal the result in milligrams mult ic three ¢ s the ounces pet 
Phe oil 10 grams of e mat eighie ¢ an ordina 
ilar e gold sl weiene pos ke I at inalytical 
lance roces ed is calles lem to distinguisl 
it from S IK NIGH 
HAMPTON INSTITUTE WORK FOR NEGROES. 
ampt stitute’s remark e results training negroes are yividly set 
rth e fort fth annual report of the principal st made publi 
rom f fitteer ipils and t te ers tl stitute has grow1 
t educational llage over a S ( versons vith a tar 
reaching ience, not on the races it is designed to aid, but for the 
] le 1 t 1 ] ( t the ic ( 1 Xa 1 I Hampt mn 
graduat 1 ynere 
Industrial t } s the ( t su ss rding t 
Dr. F. FP. 4 ton, United States Commissioner ot ation, who is 
eenly intereste e Hampton wot s notewo! that this in 
dus 1 training is of the most imme te ra Sol ipplied t 
the or I d @ task f lite st 1 t itional plat 
itsel \t Hampton practical ll the w S é t stud them 
sel e are 11] es to b ept r¢ I sional n¢ 
Iding erect I ( a tarn 600 a s iltivated, witl 
0 s ane ung st 10) rses and mules, | S al ultry Chet 
e sl arness tf be |] { re 1 ns 1 buil 
lothed—t e al few the industrial oy rtunities whi 
the lant self ofteds Last year the students re er $86,000 in 
ages I rth went t he git i mes vork 1 
I eal ( S t trade scho¢ t Cl Hall at a n 
ict t $26,142 ( vork calls ror the ser ( I ricklavers 
ste rpenters, sheet metal workers, steam fitters imbers, cabine 
makers, eiect! ns, and p ters The architect wl lesion the uldit 
ifter ins ting the brickwork done by the boys, said it compared favoral 
ith s vork by New York men: and som f tl local buildet 
ronounc« t the best piece of work in that section of ginia 
\t Hampton work is considered a privilege ne m of punis! 
ment is the taking awa f work from a pupil st t is ever pun 
S ¢ reed t rk \t the same tim I insisted o1 
S é ( it rather as the means t en lr] im of Ham; 
ton, George P. Phenix, e-principal s not merely to train 
rk1 to. educate men and women v shall stand for the be 
things immunities hich they return, and make thei 
| ] . + ty 1, c ‘ 
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ANNUAL MEETING OF THE CENTRAL ASSOCIATION OF 
SCIENCE AND MATHEMATICS TEACHERS. 

The next annual meeting of the Central Association of Science and 
Mathematics Teachers will be held at Des Moines, Iowa November 28th 
and 29th. 

Plans for the meeting are now perfected. And what will prove to be 
one of the best programs in the history of the Association has been ar- 
ranged. It is practical. It deals with some of the foremost problems relat- 
ing to the teaching of science and mathematics of the present time, and 
among the speakers are many of the ablest and most prominent teachers of 
the county. 

The vocational aspects of education as related to the teaching of the 
various sciences and mathematics in the secondary schools especially and 
in the colleges are to be the objects of a large portion of the discussions 
at the general sessions and in the meetings of the five sections of the 
Association. 

Dr. Florian Cajori, Colorado College, Colorado, known throughout the 
scientific world for his writings on the history of mathematics, the history 
of science, etc., will give an address at the general session November 28th, 
on “Science and Mathematics in Vocational Schools; a Retrospect.” At 
the same session Dr. Otis W. Caldwell, Dean of University College, Uni- 
versity of Chicago, will give an address on “Science and the Changing 
Ideals of Education.” 

The following programs of the Mathematics Section will give an idea of 
the character of the programs of all the sections. 

FripAy, NOVEMBER 28TH, 1:30 P. M. 

Report of Committee on Vocational Mathematics—R. L. Short, West 
Technical High School, Cleveland, Ohio. 

Discussion of the Report from the Points of View of: 

1. The College and College Preparation—W. A. Smith, University of 
Iowa. 

2. The General High School—W. Lee Jordan, High School, Des 
Moines, Iowa. 

3. The Industrial or Technical School—W. G. Swartz, Director of In- 
dustrial Mathematics, Gary, Ind. 


Five-minute Reports from Various Schools Where Work has been 
Done along the Lines of Vocational Mathematics : 
1. H. L. Terry, State High School Inspector, Madison, Wis. 
Perry D. Smith, Francis W. Parker School, Chicago. 
A. W. Cavanaugh, Lewis Institute, Chicago. 
4. Miss M. A. Lynch, McKinley High School, St. Louis, Mo. 
General Discussion and Action on the Report. 


we 


SATURDAY, NOVEMBER 29TH, 10 A. M. 
Report of Committee on Examinations and Results—C. E. Comstock, 
Bradley Polytechnic Institute, Peoria, IIl. 
The Traditional Examination in Mathematics—Miss Jane V. Pollock, 
New Trier High School, Kenilworth, II. 
Means of Measuring Mathematical Abilities—Dr. Florian Cajori, Colo- 
rado College, Colo. 


General Discussion and Action on the Report. 
There are five sections of the Association: The Mathematics Section, 


Biology Section, Chemistry Section, Earth Science Section, and Physics 
Section. Each has a program similar to the above. 
Dr. Rollin D. Salisbury, Professor of Geography, University of Chicago, 


~1 
wo 
wu 


PACIFIC COAST ASSOCIATION 


will give a popular illustrated address the evening of November 28th, on 
“In and About Patagonia.” Dr. Salisbury, who is one of the greatest 
geographers of the world, spent a great part of last year in this South 
American country. 

Every teacher of science or mathematics who can arrange to go to Des 
Moines at the Thanksgiving recess should make plans now to attend 
the meeting. 


PACIFIC COAST ASSOCIATION OF PHYSICS AND 
CHEMISTRY TEACHERS. 

The Pacific Coast Association of Chemistry and Physics Teachers met 
in the Chemistry Building of the University of California at Berkeley on 
July 10th, for the first meeting of its annual session in connection with 
‘the University Summer session. 

Professor G. N. Lewis, Dean of the College of Chemistry of the Uni- 
versity of California, spoke on “The Content and Method of the High 
School Course in Chemistry” The University Faculty Committee, he 
stated, had decided that the same elementary course in chemistry should 
be given to all students, irrespective of what future course or life-work 
they were to pursue. Professor Lewis emphasized the need of local 
illustrations in presenting chemical phenomena. 

Pursuing the same line of thought, Professor E. P. Schoch, Professor 
of Physical Chemistry, University of Texas, gave an interesting and 
instructive talk, also emphasizing the need of localizing the subject of 
chemistry, as well as applying the textbook principles to everyday chemical 
substances, thereby helping to vitalize the science 

On the following afternoon, the following officers were elected for 
the ensuing year: 


President, B. A. Perkins, Berkeley, Cal 

Vice-President, W. H. Weslar, Berkeley, Cal 

Secretary-Treasurer, C. P. Finger, 550 25th St., Oakland, Cal 

Following the election of officers, Professor R. S. Minor of the Physics 
Department of the University of California, delivered an interesting 
sermon and experimentally demonstrated that a siphon will operate in a 
vacuum and will cause water to flow upward through an arm greater 
than the barometric height. 

Informal discussion of various phases of Science teaching followed 
and this ended the best attended and very successful meeting of the 
Association. 


AN EXPERIMENT IN CONDUCTING ADVANCED PHYSICS 
WORK IN THE HIGH SCHOOL. 


By C. M. Hatt, 
Central High School, Springfield, Mass 


With the advanced class in Physics recently, we have tried a method 
giving such satisfactory results that it is here described for the benefit 
of others who may wish to use it. 

The class was composed of six boys and one girl, seniors and post 
graduates, all having had one year of college preparatory Physics. 

The first few weeks were occupied in reviewing laboratory experiments 
and in problem work. Then the class was informed one day that they 
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were to be called the 
tory in the Central 
They were to be 
solve certain probler 


] [1 Cl / 


“Central Research Company,’ with offi 


High School, 


th 


ns, make experimental tests and prepare 


' ye 


various topics, which would be presented to them in the | 


ness letters requiring 


clear, detinite 


C 


4 


instructor being “chief enginee! 


i 


answers 


S 


Cl 


a 


a 


tr 


These “letters” contained request 
topics throughout the range of Phys 
quoted : 

Central Research Cor Ipal 

Consulting Engineers 

Room 36, C. H. §S 

Gentlemen If we make the lever 
the same cross section it is at the « 
the ball for 300 Ibs./sq. in ere sl 
the 60 Ibs. mark under water pressure 

\ ire 

Other letters were 

Kindly furnish us the weight of a 
in diameter made of the sample mate 
and the kilograms weight 

Please graduate the accompanying 
meters 

Please compare the ny ing 
us of its error 

Please test the ‘ m I oradu 
the scale and let us know the errors 

The model of ram we art 
hands. Please set same u perate 
conditions 

Kindly test the l 1 kle sen 
and let us know its effici t ea 

We are informed that t ipillary 
dependent in some degree upon thi 
test the accompanying tub ter 
us. We wish to use the de e as ! 
neither vacuum nor s« l s ki 


ity of our device 
These “letters” wet 


ciates worked thems« 


The engineers had 
helping to find appar 
ports filed. 

\s far as possibl 
attacking the problem 
to show the chief an 


for approval before start 


On approval, the 
and was allowed a w: 

The tests completed 
spection and correcti 

The chief suggests 


tus and criticizin 


“consulting engineers” and would be cal 


] I 1! 4 tivati 11s 
1 
S { nly rcW 
( impanying sat 
iter of its length a1 


ll the ball be pla ed 


1 


nd advise us if it is 
ARNOLD BR‘ 
Boil 
tin n the rim Ol > 
W Wis I k \ 
las esse] I s in 
iss veignt \ ] Lt 
H it ( vell spa ed 
ending fails t 
iC S¢ S th 
u e loads 
vad 
I S¢ f \\ i i 
mperature of the wat 
t vari S tempe ure 
| | 4 @ 
VY Kind Lhermomet 
\ pinion { 
chnierl engineer as tast 


Interest was immediat¢ 


the form and content 


th ates must look up theit vn 
f apparatus. They wet 


and arrangement 


' 
itline of thei 


the run of the laboratory, the chief mere] 
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ipon t 
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en 
} 
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further tests and the associate then prepares a final report in answer to his 
letter. 
One samplk 
\rnold Brothers, 
Boiler Make1 


f sucl report follows 


SuUCTI a Fe it i ! \ 


Gentlemen Replying t ir request for inform n on lever satety 
valve sent us, we wish to state that for 300 Ibs./sq. in u should set the 
ball at 20.5 in. from the fulcrum 

We find on water pressure that the valve lifts at 59.0 lbs. gage, when 
the ball sets at the 60 lbs. mark 


Yours trul 
CENTRAL RESEARCH COMPANY. 
per (pupil), 

One boy who had to determine the accuracy of a brass weight by com- 
parison with water, even looked up a table of densities of water at various 
temperatures, to see if the error caused by using water at the laboratory 
temperature instead of 4 degrees C., could cause an appreciable error 
in his work. 

The result of the above outlined method of handling the advanced work 
has been an increase of interest in Physics principles, a deve&®pment of 
reasoning power and some knowledge of the application of Physics prin- 


iples in solving practical problems 


ARTICLES IN CURRENT PERIODICALS. 


American Botanist for August; 209 IVhitley Ave., Joliet, Iil.; $1.00 per 
year, 25 cents a copy: “The Surprise Lily,” S. I. Anthon; “Pentstemon 
Grandiflorus,” H. Tullsen; “The Day Lilies,” Willard N. Clute; “Plants 
of the South Dakota Sand Hills,” S. S. Visher; “The Moonwort,” Adella 
Prescott 

American 
D. C.; $2.00 per year, 20 cents a copy: “Some Methods of Securing 
Closer Utilization” (2 illustrations), R. C. Bryant; “Grazing Administra 
tion of the National Forests in Arizona” (8 illustrations), R. R. Hill; 
“Forestry at the National Conservation Congress” (4 illustrations) ; 
“The Recent Connecticut Law for the Taxation of Forest Lands” (4 illus 
trations), Herman H. Chapman; “A Record of Forest Work in Hawaii’ 
(11 illustrations) ; “Management of White Pine Forests” (6 illustrations), 
\. F. Hawes: “The White Mountain Forest and How It Is to Be Mad 
Useful,” Wm. L. Hall. 

American Naturalist for August; Garrison, N. Y.; $4.00 per year, 50 
cents a copy: “Genetical Studies cn Oenothera. IV,” Bradley M. Davis; 
“The Influence of Protracted and Intermittent Fasting Upon Growth,” 
Sergius Morgulis; “Cambrian Holothurians,” Austin H. Clark; Shorter 
Articles and Discussion: “Viability and Coupling in Drosophila,” P. W. 
Whiting; “The Results Obtained by Crossing Zea mais L. and Euchlaena 
mexicana Schrad,” Mary G. Lacy. 

American Mathematical Monthly for September; Benjamin F. Finkel, 
Springfield, Mo.; $2.00 per year, 25 cents a copy: “History of the Ex- 
ponential and Logarithmic Concepts,” Florian Cajori; “The Significance 
of the Weierstrass Theorem,” E. R. Hedrick; “On the Impossibility of 
Certain Diophantine Equations and Systems of Equations,” R. D. Car- 
michael; “Problems and Questions,” B. F. Finkel, Chairman. 

Catholic Educational Review for September; Washington, D. C.; $3.00 
per year, 35 cents a copy: “The Teaching Office of the Catholic Church,” 
Thomas J. Shahan; “The Teaching of Philosophy in the College,” Edward 
\ Pace 


‘ 


Forestry for September; r470 H. Street N. W., Washington, 
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Education for September; 120 Boylston Street, Boston; $3.00 per year, 
35 cents a copy: “A Review of the Pedagogical Studies in the Teaching 
of Spelling,” Mary A. Grupe; “Teaching Practical Politics in our Schools,’ 
a Madison Gathany; “The Responsibility of the Schoolroom,” Helen L. 
Abbott; “Public Speaking and Dramatics in High Schools,” J. Milnor 
Dorey; “What Does it Cost to Build a College?” Wallace N. Stearns. 

Journal of Geography for September; Madison, Wisconsin; $1.00 per 
year, 15 cents a copy: ‘‘The Waterways of Germany,” Charles E. Spencer; 

“The Establishing of the Ohio- Michigan Boundary Line,” Constance G. 
Eirich; “Petroleum,” C. L. Drake; “The Multiplication Tables of Geog- 
raphy,” W. A. Owens; “How Old Is the Earth?”; “What Is a Standard 
School Geography ?” 

L’Enseignement Mathématique for July; Stechert & Co., West 25th St., 
New York; 15 francs per year, 3 francs per copy: “Sur l’existence des 
potentiels et de leurs dérivées,” c. Jaccottet; “L’edifice géometrique et la 
démonstration,” P. Boutroux; “Sur le prolongement, par continuité, des 
fonctions d’une variable complexe,” D. Pompéiu; “Sur la résolution 
graphique d'un systéme de trois équations linéaires.” M. d’ Ocagne ; 
“Demonstration nouvelle et extension d’un théoréme de M. G. Koenigs,” 
L. Godeaux; “Sur les ronlettes a base rectiligne,” E. Turriére; “Sur 
les axes principaux d’inertie,” F. Bouny. 

Mathematical Gazette, for July; G. Bell & Sons, Portugal St., Kings- 
way, London; six no., 9 s. per year, I s. 6 d. per copy: “A General 
Mathematical Syllabus for Non-specialists,” Report by the Public Schools 
Special Committee; “The Early History of the Mathematical Gazette,” 
E. M. Langley; “Notes on the Parallel-Axiom,” W. B. Frankland; “The 
Teaching of Geometry and Trigonometry,” W. J. Dobbs; “Notes on the 
Radix Method of Calculating Logarithms,” Sidney Lupton; “Mathemati- 
cal Notes,” J. I, Craig, and others. 

Nattonai Geographic Magazine for September; Washington, D. C.; $2. 
per year, 25 cents a a2: “The Resurrection of Ancient Egy (46 file. 
trations and map), James Baikie; “Reconstructing Egypt’s FristSey” (21 
illustrations), Wallace N. Stearns; “The Sacred Ibis Cemetery and Saalios 
Catacombs at Abydos” (7 illustrations), Camden M. Cobern. 

Nature Study Review for September; Jthaca, N. Y.; $1.00 per year, 15 
cents a copy: “A Lesson on Squirrels—Chipmunks,” Anna B. Comstock; 
“Children’s Interests in Nature Materials,” Gilbert H. Trafton; “A Wild 
Flower Garden,” Norma E. Nelson; “A Course in the Natural History 
of the Farm,” J. G. Needham; “Simple Experiments in Animal Behavior,” 
W. C. Allee; “Criticism of School Garden.” 

Photo- Era for September; 383 Boylston St., Boston; $1.50 per year, 
15 cents a copy: “The Work of Dr. D. J. Ruzicka,” Phil M. Riley ; “Com- 
mercial Photography on the Plains,” J. Clarence Norton; “The Status of 
the Amateur,” Claude Davis Millar; “Converting an Anastigmat into a 
Soft-Focus Lens,” John W. Gillies; “The Bromide-Gum Process,” William 
S. Davis; “Pencil-Colored Oil-Transfers,” Robert Demachy. 

Physical Review for August; /thaca, N. Y.; $6.00 per year, 50 cents a 

copy: “A Porous Plug Method for the Mechanical Equivalent of Heat,” 
Z R. Roebuck; “A Study of Some Changes in the Air-Liquid Contact 
Potential Difference,” G. W. Moffitt; “On the Elementary Electrical 
Charge and the Avogadro Constant,” R. A. Millikan; “The Emissivity of 
Oxidized Metallic Surfaces,” C. P. Randolph and M. J. Overholser; “The 
Action of Mercury Vapor on Selenium,” F. C. Brown. 
..Popular Astronomy for August-September; Northfield, Minn. ; $3.00 per 
year, 15 cents a copy: “Laboratory Tests of Photographic Plates and 
Filters for Astronomical Work,” Harold L. Alden; “The Answer of the 
Universe,” George Howard Gibson; “Sunspots and the Planets,” George 
F. Kronenberger; “The North Pole,” William F. Rigge; “Considerations 
on the Physical Appearance of the Planet Mars,” E. M. Antoniadi. 

Popular Science Menthly for October; Garrison, N. Y.; $3.00 per year, 
30 cents a copy: “Immigration and the Public Health,” Alfred C. Reed: 
“An Irish Channel Railway,” Henry Tyrell; “Scientific Standards for the 
Governmental Regulation of Foods,” John R. Murlin; “A Problem in 


ARTICLES IN CURRENT PERIODICALS 


Educational Eugenics,” Chas. W. Hargitt; “The Psychological Factor in 
Southern Race Problems,” James Bardin; “Women in Industry,” D. R. 
Malcolm Keir; “The Fourth Dimension,’ Samuel M. Barton; “Some 
Psychological Problems emphasized by Pragmatism,” Josiah Royce. 

School Review for September; University of Chicago Press; $1.50 per 
year, 20 cents a copy: “Economy in Education,” Harry Pratt Judson; 
“Qualifications, Salary, and Tenure of the Teachers in the Commissioned 
High Schools of Indiana,” Samuel E. Shideler; “The Use of Scientific 
Material in the High-School Course in English,” H. O. Church; “College 
Entrance and Advanced Credits for Manual Arts,” F. D. Crawshaw; “The 
Institutional High School and What It Does for the Community,” R. L. 
Short. 

School World for September; Macmillian and Company, London, Eng.,; 
7 s. 6d. per year, 6 pence a copy: “The Kinematograph in the Teaching of 
Natural Science,” H. O. Hale; “The Correction and Supervision of Writ- 
ten Work in Girls’ Secondary Schools,” Miss M. E. Wigg; “Parent-Teach- 
er Associations,” Miss Hilda Wilson; “A School Wireless Installation,” 
H. Matthews; “Shorthand and Typewriting in Secondary Schools,” Fred 
Charles, B. A.; “The State and the School,” J. S. Thronton; “The Second- 
ary Education of Girls in Prusssia. II,” Mark P. Mayo; “The Kinemato- 
graph in Education”; “Secondary Education in England in 1911-12.” 

Unterrichtsblatter fiir Mathematik und Naturwissenschaften, Nr. 5; 
Otto Salle, Berlin, W. 57, Germany; 4 M. per year, 60 pf. per copy: “Ueber 
Fortbildungssemester fur Lehrer an hodheren Schulen,’ Prof. Dr. Hess; 
“Ueber den physikalischen und chemischen Unterricht an den bayerischen 
Real und Oberrealschulen,” Dr. End; “Neuere Erkenntnisse der 
Meteorologie und ihre Verwertung,” Dr. A. Schmauss; Nr. 6. “Der 
Erziehungswert der Geologie und ihre Stellung in der Schulorganisation,” 
Prof. Dr. Johannes Walther; “Bildungs und Erziehungswert des 
erdkundlichen Unterrichts an den hodheren Schulen,” Prof. Dr. A. 
Geistbeck; “Ueber den Bildungswert des zoologischen Unterrichts,” Bas- 
tian Schmid; “Neue Vorschlage fiir den Anschauungsunterricht unter 
Verwendung Kinematographischer Bilderserien,’ Ingenieur Theodor 
Schopper; “Zur Darstellung des regelmassigen Ikosaeders in _ schiefer 
Parallelprojektion,” Dr. Ph. Létzbeyer; “Einige interessante Formeln 
fiir das Volumen des regelmassigen Ikosaeders; Dr. Ph. Létzbeyer. 

Zeitschrift fiir den Physikalischen und Chemischen Unterricht for July; 
Prof. Dr. F. Paske, Berlin-Dahlem; Friedbergstrasse 5; 6 numbers, $2.88 ; 
M. 12 per year: “Neuere Anordnungen von Versuchen aus der Warm- 
elehre,” J. Precht; “Ein einfaches Goniometer fiir Schiileriibungen,” K. 
Schutt; “Apparate zur Demonstration von physikalischen Vorgangen am 
menschlichen Korper,’ H. Lohmann; “Durchlassige Gitter zur Herstellung 
lichtstarker Interferenzerscheinungen,” K. Lichtenecker; “Versuchsanord- 
nung zur Bestimmung des elektrochemischen Aquivalents durch Wider- 
standsmessung,” W. Stephan. 

Zeitschrift fiir Mathematischen und Naturwissenschaftlichen Unterricht 
for June; B. G. Teubner, Leipzig; 12 no., 12 M.: “Die stereographische 
Projektion und ihre Anwendung auf die Konstruierende Kugelgeometire, 
Dr. Gg. Hleutell: “Eine mathematische Erérterung des optischen 
Brechungs gesetzes,” Dr. Gustav Berkhan; “Die Behandlung der relativen 
Zahlen im Unterrichte,’ Prof. Dr. K. Wolletz; “Der Wilsonsche Staz,” 
Joh. Schumacher; “Schriften des Deutschen Ausschusses fiir den mathe- 
matischen und naturwissenschaftlichen Unterricht”; “Zur Geometro- 
graphie,” edited by K. Hagge. For July: “Ueber die Radien der Ber- 
uhrungskreise des Kreisvierecks,” Dr. Ernst Eckhardt; “Verallgemeiner- 
ung eines von Herrn M. Linnich behandelten Lehrsatzes, ” A. Tafelmacher ; 
“Ueber ein einfaches arithmetisches Analogon zu einem Satze von C 
Jordan,” Hermann Rothe; “Zur Geometrographie,” edited by K. Hagge. 
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THE PLACE OF PLANT AND ANIMAL STUDIES IN A 
SCIENCE PROGRAM FOR SECONDARY SCHOOLS. 


The foregoing 1s the gen topic to be discussed in the biolog é 
tion at the Des Moines meetu f the Central Association, November 28tl 
Certain spe ropositions suggested for discussion under this genera 
I p) are ese te } 

| Ch urs e shoul ( f all he 

ears of the high school st 

Il. That, to be science in the educational sense, a course must be 
scientific both as to teaching method and as to the organization of subject 
matter. No course should be classed as science simply by virtue of th 
nature of the information imparted (Certain courses call for special 
caution in this connection 

3 7 
If] \. That, preferably, the course indicated in | should have mn 


tinuity through grades IX and X 

B. That, if the course can be given in one year onyl, grade X is pret 
erable to grade IX 

C. That double periods are not essential for this courses 

D. That human relation to environment should be the primary theme of 
this course. 

E. That the study of organisms and of chemical and physical 
phenomena directly related to life should have at least three-fifths weight 
in such a course 

F. That in this course plant studies should precede animal studies, and 
that the teaching of alternating plant and animal types, and the organiza 
tion of the biological subect matter primarily on the basis of general 
principles are not recommended for this course 

G. That the technical use of the term food should be restricted 
organic substances. 

IV. A. That in grades XI and XII various full year electives should 


be offered, and that such electives should presuppose the course indicated 


above 
B. That, when possible, differentiation should be made in these upper 
courses between those taken by students expecting to go to college and 


those taken by students not expecting to go to college 
C. That the “college” courses should be administratively equi 





the similar courses given at colleges, and that college credit 
obtained therefore. 
D. That the “non-college” courses of this group should have vocationa 


character, agriculture and domestic science being characteristic thereof 
loun G. Courter, Bloomington, Jil. 
Chairma f Biology Sectio 


NO MORE FREE COPIES OF GOVERNMENT FOOD AND 
DIET CHARTS. 


Owing to a misunderstanding on the part of principals and teachers 


of schools, the United States Department of Agriculture is receiving 


many requests for free copies of the large colored food and diet 
charts issued by the Division of Food Investigations of the Offic 
of Experiment Stations [The Department’s supply of copies for 


free distribution has long been exhausted. These sets of fifteen 
large colored charts can be obtained only by sending $1.00 in cur 
rency or money order to the Superintendent of Documents, Govern 
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ment Printing Office, Washington, D. ¢ These charts which ar« 


twenty-one by twenty-seven inches in size and handsomely printed 


in several colors on a good quality of paper, make excellent wall 
decorations for the school room. They picture many common foods, 
such as meat, fish, vegetables, and show graphically the proportions 


of the various nutritive constituents and waste in them By this 
means they give students a practical idea of the food value to various 
standard articles of diet No requests for these charts can be filled 
nless the money is sent with the order the Superintendent of 
There is general misunderstanding among teachers as to the metl 
nder which they can ob 


1 tain free of cost the various bulletins 
issued by the Department of Agriculture. Each Senator and Repre 


sentative is allotted a number of copies for distribution to his co! 
stituents, and to supply requests direct to him The Department of 
Agriculture also receives a certain number from each issue to dis 
tribute free on application After the Department’s supply is ex 
hausted, it can fill no more requests and applicants must then buy 
these documents at cost from the Superintendent of Documents 
Government Printing Office, unless their Congressman can suppl) 
them vith free opies from his quota \ letter addressed to th 
‘Division of Publications, U. S. Department of Agriculture, Wash 
ington, D. C.,” making such a request, will bring lists of documents 
which can be obtained free, as long as the supply lasts, and also a 
price list showing cost price of reprinted bulletins which can be 


‘tained from the Superintendent of Documents 


CAMBRIDGE BOTANICAL SUPPLY CO. 


Phe umbridge Botanical Supply Co. of Waverly, Mass., have 


recently issued a new sectional catalogue of their scientific apparatus 
and laboratory equipment It consists of five parts, Botanical, 
Biological, Physical, Chemical and Lantern and Microscopical Slides 

The matter is splendidly arranged for easy reference; with the 
use of the complete index any article listed can be readily found 
Many of the articles which this firm puts on the market are illustrated 
y well executed drawings. This enables one to get a good idea of 
the apparatus without actually seeing it. They make an exceptional 
ly fine line of Physiological Instruments for use in the botany labora 
tory Teachers wishing special apparatus constructed after thei 
wn ideas and drawings will find that this firm will give the very 
best of satisfaction In this new catalogue one finds that the articles 
vhicl re illustrated have the description given on the same page 
This is a mighty handy and convenient arrangement 


7 


The type is clear and large, making the catalogue one easy to 


read. The paragraphs are all open, making it easy for one to get 
at just what he wants in the descriptions which are written in a 
lea ind concise styl 

The long experience in business which this firm has had enables 
them to know pretty well what their customers want. From their 
stock they are able to promptly fill all orders \ll science teachers 


in the country should possess a copy of their catalogue for referenc« 


e ordering apparatus or supplies 


o 
“— 


The firm is noted for its courteous treatment of all its customers 
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BOOKS RECEIVED. 


Handbook of Physiology, by W. D. Halliburton, King’s College, Li 
don. Pages xix+923. 600 illustrations. 16x22.5 cm. Cloth. 1913. $3.00 
net. P. Blakiston’s Son and Company, Philadelphia. 

Farm Arithmetic, by Charles W. Burkett, Editor American Agricul- 
turist and Karl D. Swadzel, Ohio State University. Pages xiii+280. 
13x19 cm. Cloth. 1913. Orange Judd Company, New York. 

Science for the Fifth Grade, by Percy E. Powell, Berkeley, Cal. Pages 
xvi+198. 13x19 cm. Cloth. 1913. 60 cents. The A-to-Zed School, 
Berkeley, California. 

An Illustrated Flora of the Northern United States, Canada and the 
British Possessions, by Nathaniel L. Britton, Columbia University, and 
Hon. Addison Brown, New York Botanical Garden. In three volumes. 
Pages xxix+2052. 19x27.5 cm. Cloth. 1913. Charles Scribner’s Sons, 
New York. 

Backward and Feeble-Minded Children, by Edmund B. Huey, Johns 
Hopkins University. Pages xv+221. 13.5x20 cm. Cloth. 1913. $1.40. 

School Algebra, by David Eugene Smith and George Wentworth. 
Pages iv-+298. 13.5x19 cm. Cloth. 1913. 90 cents. Ginn and Company, 
Boston. 

The Teaching of Arithmetic, by David Eugene Smith, Teachers College, 
Columbia University. Pages v+196. Illustrated. 13x19. Cloth. 1913. 
$1.00. Ginn and Company, Boston. 

Entomology with Special Reference to Its Biological and Economic 
Aspects, by Justus W. Folsom, University of Illinois. Pages vii-+-402. 
300+ illustrations. 16x23 cm. Cloth. 1913. $2.25 net. P. Blakiston’s 
Son and Company, Philadelphia. 

The Chemistry of Plant and Animal Life, by Harry Snyder, University 
of Minnesota. Pages xxii+388. 13x19.5 cm. Cloth. 1913. $1.50. The 
Macmillan Company, New York. 

Stories of Old Greece and Rome, by Emilie Kip Baker. Pages xii+382. 
13.5x19.5 cm. Cloth. 1913. $1.50. The Macmillan Company, New York. 

An experimental Course in Alternating Currents, by Elmer E. Burns, 
Medill High School, Chicago. Pages xiv+101. 12.5x18.5. Paper. 1913. 
Joseph G. Branch Publishing Company, Chicago. 

Shop Mathematics. Part II. Advanced Shop Mathematics, by Earle B. 
Norris and Ralph T. Craigo, University of Wisconsin. Pages xi+214. 
16x24 cm. Cloth. 1913. $1.50 net. McGraw-Hill Book Company, New 
York. 

Trigonometry, by Alfred M. Kenyon, Purdue University, and Louis 
Ingold, University of Missouri. Pages xi+132+xviiit+124. 13x20 cm 
Cloth. 1913. $1.35 net. The Macmillan Company, New York. 

Principles and Methods of Teaching Geography, by Frederick L. Holtz, 
Brooklyn Training School. Pages xii+359. 13.5x19.5 cm. Cloth. 1913 
$1.10. 

Shelter and clothing, by Helen Kinne and Anna M. Codey, Columbia 
University. Pages xv+377. 13.5x19 cm. Cloth. 1913. $1.10. 

The Pupils Arithmetic, by James C. Byrnes, Julia Bichman and John S. 
Roberts, New York City Schools. Pages ix+432+ix. 13x19.5 cm 
Cloth. 1913. 60 cents. 

Botany for Secondary Schools, by L. H. Bailey. Pages xiv+465. 
13x19.5 cm. Cloth. 1913. $1.25. 

Animal Husbandry for Schools, by Merritt W. Harper, Cornell Univer- 
sity. Pages xxiv+409. 152 illustrations. 13x19.5 cm. Cloth. 1913. 
$1.40 net. The Macmillan Company, New York. 
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E. Leybold’s Nachfolger 


COLOGNE (GERMANY) 


SCIENTIFIC INSTRUMENT MAKERS 


























Grand Prize of World’s Exhibition, Brussels, 1910, 
and Turin, 1911, High Honors 


INSTRUMENTS OF PRECISION. ALL KINDS OF PHYSICAL APPARATUS 
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Looser’s and Kolbe’s Thermoscopes with all Accessories 


Dr. Gaede’s High Vacuum Pumps 


Vacuum 0.0000! mm Hg. 


Universal Rotary Air Pumps 


Vacuum 0.01 mm Hg. 
Vacuum Gauges, Etc. 
Delivery free from New York or Baltimore. Guarantee of delivery in 


working condition. Discharge of all formalities at the Customs. 
English Catalogue with Prices in $ sent on application. 








Please mention School Science and Mathematics when answering Advertisements. 
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Plane Geometry, by Walter B. Ford, University of Michigan, and 
Charles Ammerman, McKinley High School, St. Louis. Pages ix+213-4 
Xxxxi. 13x19 cm. Cloth. 1913. 80 cents. The Macmillan Company, New 
York. 

How I Kept My Baby Well, by Anna G. Noyes. 193 pages. Illustrated 
13x20 cm. Cloth. 1913. $1.25 


Inductive Versus Deductive Methods of Teaching: An Experimental 
Research, by W. H. Winch, 146 pages. 13x20 cm. Cloth. 1913. $1.25 
Warwick and York, Baltimore 

BOOK REVIEWS. 
Currents for Vocational Wor 


ln Laperimental Course tn Alternating 
in Electricity, by Elmer E. Burns, Medill High S« 71, Chicag 
Pages xiv+101. 13x18.5 cm. Paper, 1913. 

Any instructor proposing to start a course in laboratory 

as a guide. It is written 

tical side 


1 


alternating 
currents cannot do better than adopt this book 
by a man thoroughly- familiar with both the practical and theore 
of electricity. The aim of the book fundamentally is to make the subject 
simple and as clear as possible, by teaching connectedly the principles 
upon which alternating currents are generated and then by a 
in the laboratory with this phase of electricity. To understand 
d knowledge of high school physics 


tual work 
the sub 


ject matter one should hav g 
There are forty experiments selected for the fundamental principles 
they teach as well as for their practical applications. There are fort 
three drawings. The book deserves a wide use i oa. 
The Pupils’ Arithmet 5 Si The Complete Anith ti James 
C. Byrnes, Member of wd of Examiners, Department of Educa 
tion, Julia Richma Late District Superintendent of Si 5, and 
John L. Roberts, 1 Supe tendent of Schools CU } 
Pages vili+432. 13x19 c1 60 cents. 1913 The Macmillan Com 
pany, New York 
This Complete esigned for the grammar grades 
gives special emphas rk of the last two years In 
im I nd decimals are treated wit suthcient 


mental rules, com 
detail for review 
pleteness suitabl 


i W 


laining topics are treated with a 
ntation. The use of equatio1 t 

is a good introduction to algebraic worl 
theory and practice. The probl 

ind to the future work of the pupils, and 


formulas of mensurati 


Che be ok seems 
are related to the expel 


they conform to present mmercial practice. The type is large an 
clear and the pages are not 1 vded. Altogether it appears to be at 
excellent book. H ] ( 

| Reagent and Combustion Methods, ! 


Vanual of Qualitative 
W. F. Hoyt. 36 
New York. 

This little book is a most excellent manual for use in high school chem 
istry classes. A great many chemistry teachers devote the latter part of the 
year’s work to simple tests of the 
students with properties, reactions and tests 
reagents and also the fundamental processes of chemistry and the principles 
In addition to the usual method it devotes 
method 


1913. 30 cents. The Macmillian Compan 


yj * 
s 


unknowns, since these tests familiarize 
for the various elements and 


of volume as nothing else can 
five pages to an analytical table for testing solids by the “Dry 
Eleven simple tests are given for testing drinking water. Two pages « 


directions for making solutions are given a i | 








The authors of “Practical Botany,” described below, have in preparation 
and soon to be published “Introduction to Botany,” giving a distinctly ele- 
mentary presentation—for a half-year course in high schools—of those features 
of plant life which are of educational, aesthetic, and economic interest to all 
people: The style is simple and direct and the point of view that of the un- 


informed beginning student 


PRACTICAL BOTANY 


By Joseph Y. Bergen and Otis W. Caldwell 


A botany that develops an appreciation of the economic and aesthetic 
significance of the plant world as well as an understanding of the biological el- 
ements. Such subjects as plant breeding, forestry, plant and animal diseases 
produced by parasitic plants, and the main uses of plants and plant products re- 
ceive definite treatment. The book contains ample material for college entrance 
preparation and is so arranged as to be available for either a year or a half- 
ee ee ee beets da aiewee ckeahee as oeead- sae aeree vee $1.30 


GINN and COMPANY 


Boston New York Chicago Londoa 
Atlanta Dallas Columbus San Francisco 











Standardized Laboratory Furniture 


For Chemistry, Physics, Biclogy, Physiography, Domestic 
Science, Manual Training and the Kindergarten. 
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No. 122 Biological Table 


It is plain to you we can’t do a month’s business in twenty-four hours. 
Try to give us thirty days in which to ship your order. This insures 


satisfaction all around. 


KEWAUNEE MANUFACTURING CO. 


The Laboratory Furniture Experts 
KEWAUNEE, WIS. 














Please mention School Seclience and Mathematics when answering Advertisements. 
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Everyday English, Book Two, by Franklin T. Baker, Teachers College, 
Columbia University and Ashley H. Thorndike, Columbia University. 
Pages xv+336. 14x19 cm. Cloth, 1913. 60 cents net. The Macmillan 
Company, New York. 

What a pity that books of this high character containing such a splendid 
method of treating a subject not to easy, did not come into the arena of 
English teaching long before the present time!. Too many books on 
English grammar have been written in harmony with the high ideals of 
their authors but wholly beyond the comprehension of the pupils for whom 
the book was intended. Its treatment in this text will not tend to drive 
the pupil from, but rather draw him to it. 

Part one of the book consists of a delightful and comprehensive treatise 
of English grammar, it being presented in a most charming, clear and 
simple manner. It is free from all of those subtleties and complications 
which cause pupils to dislike grammar and contains all the grammar that 
is necessary for everyday English. The sentence has been made the center 
around which the framework of the discussion is built. Illustrative 
sentences have been chosen not only from the best literature but also 
from common everyday speech. 

Part two is devoted expressly to a study of composition, both oral and 
written. More emphasis, however, being placed on the former than the 
latter, as this is the normal order of study. 

The mechanical work represents perfection in the art of book making. 
The type is right and the arrangement of material is splendid. The book 
will doubtless have an extensive adoption. C. H. S. 
A Manual of Zodlogy, by Richard Hertwig, Professor of Zoédlogy in the 

University of Munich, Third American, from the Ninth German 
Edition, translated and edited by J. S. Kingsley, Professor of Zoélogy 
in Tufts College. Pages xi+606. 1912. Henry Holt and Company, 
New York. 

Little need be said of this book, for the author and translator needs no 
introduction to students of zodlogy and former editions of the work are 
familiar to us. Nevertheless it should be said again that the book is 
an authority which should be in every zodlogy student’s library. The 
translator has done more than translate, he has edited the German work 
to adapt it to the needs of the American student. The size has been re- 
duced without impairing the value by putting part of the matter in smaller 
type and by eliminating “unnecessary words and phrases” and “omitting 
some matter of minor importance.” W. W. 
The Golden Deed Book, a School Reader by E. H. Sneath, Yale University, 

George Hodges, Cambridge, and E. L. Stevens, Associate Superin- 
tendent of Schools, New York City. Pages xiiit+351. 13x19.5 cm. 
Cloth. 1913. 55 cents net. The Macmillan Company, New York. 

The keynote has certainly been struck, in this, the sixth of the Golden 
Rule Series of school readers. This book embodies a graded system of 
moral instruction by the indirect method. “It introduces the pupil, in a 
concrete and interesting manner to the subject matter of morals by 
means of fairy tale, myth, fable, allegory, parable, legend, stories of 
real life, of heroes and: heroines, biography and historical incident.” 

The 67 selections have been taken from the very best literary sources 
Articles appear from such names as: Grenfell, Browning, Arnold, 
Shakespeare, Eliot, Curtis, Emerson, Holmes, Burroughs, Webster, Long- 
fellow, etc. It is designed for pupils in the eighth grade, the articles 
dealing with vices and virtues common to pupils of this age. 

It surely is a splendid reader looked at from every point of view and 
merits the widest adoption. i a 
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A Text-Book of Inorganic Chemistry, by D. A. F. Holleman. Issued in 


English by H. C. Coope) ith English edition, completely revised. 
Total issue, 13,000. 505 pages. 1912. $2.50. John Wiley and Sons, 
New York. 

This edition represents a thorough revision of this well known and 
world wide used text by the Dutch author and the American translato: 
It has been entirely rewritten in many of the descriptive portions. On 
special feature of the book is the use of differential formula¢ C. M. T 
Practical Chemistry for Engineering Students, by A. J. Hale. 192 pages 


1912. $1.00. Longmans, Green and Co., New York 

This is a laboratory manual especially written for students in English 
technical schools and colleges. It contains thirteen chapters. The first 
ten are devoted to experiments, mostly quantitative, on the nonmetals 
and their compounds. One chapter gives a scheme, and experiments, for 
simple qualitative analysis. Chapter twelve contains 14 experiments on 
volumetric methods. Chapter fourteen devotes 25 pages to various prac- 
tical tests in quantitative analysis. The appendix has 25 valuable tables 
There is a four page index. 

This would make an excellent manual for use in our technical high 


schools. Cc. MF. 
Advanced Shop Mathematics, by Earle B. Norris, Associate Professor of 
Mechanical Engineering, and Ralph T. Craigo, Instructor in Mathe- 


matics, University of Wisconsin. Pages xi+214. 16x24 cm. $1.50 
1913. McGraw-Hill Book Company, New York. 

This volume includes the second half of the instruction papers in Shop 
Mathematics as worked out and used in the Extension Division of the 
University of Wisconsin. Practical applications of some of the principles 
of algebra, geometry, and trigonometry are presented in a way to make 
the book suitable for home study as well as for use in technical high 
schools, and trade schools. The first seventy pages deal with formulas 
and algebraic equations, which are explained and illustrated by the us« 
of shop problems. A good working knowledge of algebra may be ob 
tained from these chapters. Chapters X to XIV deal with the construction 
and properties of geometric figures. The last six chapters deal wit 
angle functions and give a large number of applications in machine-shop 
problems. 

Throughout the book the explanations are given with much detail and 
ought to be readily understood by the man who has to dig things out for 
himself. It is an ideal book for self-instruction, and with Part I gives 
every shop man who desires it the opportunity of mastering the mathe 
matical problems of his trade ee a ©. 
An Elementary Treatise on Calculus, by William S. Franklin, Barry Mac- 

Nutt, and Rollin L. Charles of Lehigh University. Pages ix+253 
15x21 cm. 1913. This book has not as yet been placed in the hands 
of regular publishers, but any one wishing to use the book in class 
can obtain it from F. R. Ashbaugh, Lehigh University Supply Bureau, 
South Bethlehem, Pa., at $2.00 per copy, less 16% per cent. 

It is to be hoped that this book marks a new era in the teaching of 
calculus in this country. To the present time most of the work of the 
student of calculus has been the manipulation of mathematical forms. He 
has differentiated and integrated all sorts »f complicated expressions and 
learned very little about working real problems. A footnote to an example 
of the simplest kind of integration may well be quoted to show the point 
of view of the authors. “If one can get 200 dollars by multiplying two 
dollars per day by 100 days, one might well ask how to perform such a 
profitable operation? The answer is: Work hard for 100 days! That is 
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what this particular multiplication means. Nearly every mathematical 
process rightly understood relates to physical reality in a manner as definite 
and as exacting as this particular case of multiplication.” 

Throughout the book the underlying principles are developed clearly 
and concisely and in close relation to their application. Indeed, the 
problem has the first place always. In order that the continuity of the 
discussions shall not be broken, the formal problems are put in an ap- 
pendix. The authors wish to emphasize the incomplete character of the 
work, and have given in an appendix a list of treatises on mathematics 
and mathematical physics. With continual reference to these books and 
the necessary drill in manipulation secured by lists of formal exercises, a 
year’s work in calculus with this book as a basis will fit students to use 
their calculus whenever occasion for it arises. nm. me C. 
Variations in the Grades of High School Pupils, by Clarence T. Gray, 

University of Texas. 120 pages. 13x20 cm. cloth. 1913. $1.25. 
Warwick and York, Baltimore. 

Only comparatively recently has any attempt been made to study scien- 
tifically the relative merits of the many systems of grading pupils in any 
phase of work. This monograph gives the results of the author’s in- 
vestigations into the causes of the variations of grading of high school 
pupils. The results are clearly set forth; he shows how unreliable are the 
grades commonly given by teachers. There are 47 graphs or diagrams and 
35 tables included in the work. The book will be of much help to principals 
in enabling them to correct any faults in grading which may exist in their 
schools. co oe, 
Chemistry and its Relation to Daily Life. A textbook for Students of 

Agriculture and Home Economics in Secondary Schools, by Louis 
Kahlenberg and E. B. Hart. 392 pages. 1913. $1.25. The Mac- 
millan Company, New York. 

Although primarily intended for use by students of agriculture and home 
economics this book could very profitably be used in any secondary school 
chemistry class. It contains much valuable information on subjects that 
interest every person. It is written in such a pleasing style that persons 
who know nothing about chemistry can easily understand the subject 
discussed. 

The first eight chapters are devoted to the nonmetallic elements. Two 
chapters are given to the methods of the alkalies and the alkaline earths 
and alumina and various other metals. Ten chapters treat of the follow- 
ing topics: Paints, oils and varnishes; leather and articles from which 
wearing apparel is made; the soil; fertilizers and farm manure; plant 
life; human and animal foods; milk and its products; poisons for farm 
and orchard pests. The last chapter contains 150 experiments that are 
intended to be made along with the study of the text. 

At the end of each chapter is a well selected test of questions on the sub 
ject matter of the chapter 

It is a most valuable book and should have a large use ce #. 5 
Elementary Experimental Chemistry, by F. E. Weston. 140 pages. 1911 

Longmans, Green and Company, New York 

Although this is an English laboratory manual, it is just as well adapted 
for use in American high schools. The experiments are well selected and 
well written. The results of each experiment are summed up in brief, 
concise “conclusions,” so that the student knows definitely what results 
to expect. He thus can work more intelligently. There are 78 illustrations 
taken from photographs of actual apparatus and lJahoratory operations. 
It contains a four page index i, ie 


